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us  *►>«»<•«>  This  document  presents  the  results  of  an  analysis  of  the  features  of  the 
Upgraded  Third  Generation  ATC  System  in  a program  of  evaluation  of  the  impact  of  the 
implementation  of  Area  Navigation  on  the  other  features  of  the  UG3RD  System.  This 
analysis  includes  evaluations  of  the  impact  of  RNAV  on  the  performance  and  costs  of  j 
these  UG3RD  features  and, in  turn,  their  impact  on  the  performance,  costs  and  benefits, 
attendant  to  the  implementation  of  RNAV. 


As  a part  of  this  study  the  UG3RD  System  has  been  examined  from  the  systems  inte- 
gration point  of  view.  One  result  of  the  study  is  the  establishment  of  the  effects 
which  RNAV  could  have  on  UG3RD  feature  implementation  schedule  tradeoffs  and 
interactions.  These  judgements  were  based  upon  a study  of  the  problems 
of  the  existing  ATC  system,  and  the  capabi 1 i ties  of  each  UG3RD  feature,  including 
RNAV,  for  solving  each  of  these  problems.  


Earlier  studies  of  RNAV  implementation  costs  and  benefits  have  been  reviewed  and 
any  areas  where  IJG3RD  implementation  plans  would  affect  ni^se  cost/benefit  tigures 
have  been  identified,  and  the  earlier  figures  recalculated.  Overal 1 RNAV  implemen- 
tation costs  and  benefits  (airline,  general  aviation,  ATC  system  and  airline  passen- 
ger) are  projected  annually  to  the  year  2000.  These  annual  figures  have  been 
discounted  to  present  value  totals  (1976),  according  to  guidelines  issued  hv  the 
Office  of  Management  and  Budget,  and  the  resulting  benefit/cost  ratios  ot  RNAV 
are  presented  herein. 
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The  Systems  Research  and  Development  Service  of  the  Federal  Aviation 
Administration  has  undertaken  a program  to  assess  the  technical  and  economic 
impact  of  Area  Navigation  on  the  ATC  System  and  the  users  of  the  National 
Airspace  System.  This  work  was  performed  under  the  RNAV  Technical  Support 
Contract  to  Systems  Control,  Inc.  (Vt),  Contract  No.  D0T-FA72WA-3098,  Task 
Order  No.  013.  The  work  was  performed  by  the  Champlain  Technology  Industries 
(CTI)  and  Aeronautical  and  Marine  Systems  (A&M)  Divisions  of  Systems  Control, 
Inc.  (Vt). 

The  FAA  Technical  Monitor  for  this  work  was  D.  M.  Brandewie  and  the 
Technical  Support  Program  Manager  was  D.  W.  Richardson  of  Systems  Control, 

Inc.  (Vt).  The  Project  Manager  and  principal  author  of  this  document  was 
E.  H.  Bolz  of  Champlain  Technology  Industries,  Division  of  Systems  Control, 

Inc.  (Vt). 

This  document  is  a final  report  containing  the  results  of  studies  of 
the  interactions  of  RNAV  and  the  other  features  of  the  Upgraded  Third  Generation 
ATC  System. 
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EXECUTIVE  SUMMARY  AND  CONCLUSIONS 


1.1  INTRODUCTION 

This  report  contains  detailed  analyses  of  the  interactions  to  be  expected 
between  Area  Navigation  (RNAV),  which  is  an  Upgraded  Third  Generation  System 
program,  and  the  remaining  programs  of  the  Upgraded  Third  Generation  ATC  System 
(UG3RD).  These  are  to  include  identification  of  RNAV  effects  on  those  programs, 
the  effects  of  those  programs  on  RNAV,  and  the  overall  impact  which  RNAV  will 
have  on  the  functioning  of  the  UG3RD  ATC  system.  As  a result,  this  study  has 
included  a detailed  investigation  of  each  of  the  domestic  UG3RD  system  programs. 

The  improvements  which  comprise  the  UG3RD  ATC  system  are  designed  to  alle- 
viate the  several  operational  and  economic  limitations  associated  with  the  present 
Third  Generation  ATC  System,  both  as  it  presently  functions  and  as  it  would  be 
expected  to  function  as  traffic  grows  over  the  next  decade.  It  should  be  empha- 
sized that  the  operational  and  economic  problems  affect  both  the  users  of  the 
ATC  system  facilities  and  the  ATC  system  itself.  Other  than  to  improve  the 
margin  of  safety,  the  primary  motivations  for  ATC  improvements  are  economi c : 

• For  the  aircraft  operator  the  motivations  are  to  improve  routing 
efficiency,  reduce  delays  and  improve  operational  reliability 

• For  the  ATC  system  the  motivations  are  to  reduce  operating  costs- 
per-service  rendered  through  enhancement  of  employee  productivity 

The  following  list  summarizes  the  limitations  of  the  existing  ATC  system 
as  discussed  in  detail  in  Reference  52: 

• Manual  routine  control-decision-making  process 

• Usage  of  voice  communications  for  routine  control  instructions 

• Limited  ATCRBS  surveillance  radar  accuracy  and  target  reliability 

• High  airborne  and  ground  delays  due  to  terminal  capacity  limitations 
(wake  vortex  problem,  visibility  limitations,  runway  separation 

requirements,  noise  abatement  constraints) 

t Airborne  and  ground  delays  due  to  surface  traffic  control  visibility 
1 i mi tati ons 

• Severe  operational  and  economic  constraints  on  further  Category  I 
and  II  ILS  deployment 

• Inefficient  flight  services  provision  capability 

• Continuing  accidents,  including  midair  collisions 

These  problems  will  be  aggravated  as  traffic  density  increases.  In  response 
to  these  problems,  and  as  a result  of  the  recommendations  of  the  Air  Traffic 
Control  Advisory  Committee  [13],  the  FAA  has  embarked  on  implementation  of  the 
following  list  of  measures,  which  comprise  the  UG3RD  system  [52]: 

• Discrete  Address  Beacon  System  --  to  overcome  the  limitations 
of  ATCRBS  system 

• Intermittent  Positive  Control  --  an  automated  VFR/IFR  separation 
assurance  system 

• Flight  Service  System  Modernization  --  including  automation  to 
improve  productivity 

• Upgraded  ATC  Automation  --  to  enhance  safety  and  improve  controller 
producti vi ty 
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• tfir.rowdvc  landing  System  --  to  overcome  the  operational  and  cost 
limitations  of  ILS 

• Area  Navigation  --  to  imprnv  routing  efficiency  and  facilitate 
terminal  operations 

• Airport,  Surface  Traffic  Control  --  to  improve  surveillance  sensors 
and  automate  control  functions 

• Wake  Vortex  Avoidance  System  --  to  allow  closer  in-trail  separations 
under  normal  conditions 

• Aerosate  --  to  improve  oceanic  comnunn  it  ions  capability 


While  these  features  form  a complementary 
varying  stages  of  development  and  so  will 


set  of  improvements,  they  are  in 
be  implemented  over  a wide  time  span. 
Also,  individual  features  may  undergo  change  as  they  are  developed  and  refined. 

The  remainder  of  this  executive  Summary  introduces  RNAV  functions,  summa- 
rizes overall  RNAV  costs  and  benefits,  reviews  the  effects  which  RNAV  has  been 
found  to  have  on  the  overall  UG3RD  program,  and  presents  the  conclusions  of  this 
study. 

:.?  Apr;  i cation  or  rnav  tichniquls  to  thi  ugtru  lnvironmlnt 

Tiir  basi'  capability  of  Area  Navigation  is  to  provide  course  guidance 
ilong  arbitrary,  pro-defined  routes  without  constraints  such  as  riving  toward 
or  over  navigation  stations,  etc.  The  classic  benefits  attributed  to  RNAV  are 
‘.hat  (1)  it  can  provide  more  direct  t actings  from  one  airport  to  another  since 
it  operates  with  fewer  constraints,  and  (?)  it  can  improve  the  efficiency  of 
terminal  procedures  by  virtue  of  the  fact  that  radar  vector  procedures  may  be 
supplanted  by  published  RNAV  arrival  and  departure  routes,  which  would  be  self- 
navigated.  The  end  result  is  more  efficient,  operations  ind  reduced  ATC  con- 
troller workload.  Recent  studies  [6, d, lb. 37]  have  shown  that  there  are  many 
other  benefits  as  well.  Costs  of  avionics  procurement  have  also  been  estimated. 
These  costs  and  benefits  are  projected  over  a twenty-five  year  period  in  Section 
1.3.  The  present  section  is  oriented  towards  showing  the  effects  of  RNAV  in  an 
operational  sense  on  cockpit  and  AIT  procedures,  and  introducing  the  ways  RNAV 
will  interact  with  the  other  UG3RD  programs. 

RNAV  provides  the  ability  to  program  an  arbitrary  route.  This  can  range  in 
complexity  from  specifying  a single  waypoint  over  an  airport  and  flying  to  it. 
all  the  way  to  pre-programming  a departure  route,  the  enroute  phase,  a terminal 
arrival  route  and  an  RNAV  instrument  approach  procedure.  This  freedom  and  diver- 
sity brings  with  it  a pnre  which  ■•us:  be  paid  in  terms  of  avionics  cost,  cockpit 
workload  and  data  input  blunder  potential.  RNAV  operational  problems  and  flight 
crew  performance  are  examined  in  great  detail  in  Reference  31.  nose  problems 
interact,  in  that  higher  avionics  cost  brings  lower  cockpit  workload,  etc.,  and 
so  the  system  can  be  matched  to  the  requirement  and  to  the  expected  economic 
oayoff  (costs  versus  benefits  are  detailed  in  Reference  S).  User  benefits  are 
ore  than  just  those  associated  with  flying  shorter  routes,  as  will  become 
evident  later. 

To  the  ATC  sy.fem,  RNAV,  on  the  surface,  appears  to  complicate  'afters  since 
new  route  structures  will  overlay  existing  routes  (in  the  high  altitude  environ- 
ment the  existing  structure  would  eventually  be  eliminated),  and  a "mix  of  RNAV 
and  conventional  traffic  will  have  to  be  tolerated.  However,  RNAV  provides  the 
potential  for  significant  reductions  in  ATC  controller  workload,  particularly  in 
the  terminal  environment  through  the  substitution  of  self-navigated  procedures  for 
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radar  vector  procedures,  thereby  reducin')  that  aspect  of  the  radar  controllers1 
workload  associated  with  providin']  nnv iqa Fiona  I guidance.  These  overall  bene- 
fits are  reviewed  in  Section  1.3;  however,  if  is  of  interest  here  to  introduce 
other  ways  in  which  RNAV  will  interact  with  the  operations  of  the  ATC  system. 

In  the  enroute  environment,  several  advantages  may  be  obtained  in  addition 
to  shorter  routes,  first  of  all,  a well-ordered  route  structure,  designed  to 
reduce  conflict  points  and  ease  controller  workload,  may  be  designed.  This 
particularly  applies  to  the  high  altitude  environment  where  RNAV  will  probably 
become  the  exclusive  navigation  technique.  Such  a structure  can  contain 
alternate  routings  for  major  traffic  flows  in  order  that  ambient  wind  conditions 
may  be  used  to  advantage.  The  preplanned  direct  (or  arbitrary)  route  concept 
will  allow  users  greater  flexibility,  although  initially  it  may  make  the 
controller's  job  more  complex.  As  automation  is  eventually  expanded  to  relieve 
much  of  the  controller  burden,  direct  routes  may  be  used  to  even  greater  advantage. 

RNAV  provides  the  controller  with  added  tactical  control  options  (parallel 
offset  and  di rect-to-next-waypoint  procedures)  which  may  be  used  for  airspace 
conflict  resolution  purposes.  The  parallel  offset  (which  would  be  most  popular) 
is  easier  for  the  controller  than  radar  vectors  since  the  surveillance  require- 
ment and  message  counts  are  reduced.  The  offset  is  better  than  an  altitude 
reclearance  for  the  aircraft  operator  since  the  latter  usually  means  operating 
at  a non-optimum  altitude. 

The  primary  applications  of  RNAV  to  the  terminal  area  are  that  it  (1) 
allows  airspace  to  be  allocated  to  the  various  arrival  and  departure  routings 
more  efficiently,  and  (2)  promotes  self-navigation  of  the  routes,  therefore 
reducing  controller  workload  by  a considerable  extent,  in  addition,  the  terminal 
controller's  set  of  control  options  is  further  enhanced  by  such  procedures  as 
the  delay  fan  and  base-leg  extension  techniques,  as  well  as  the  parallel  offset 
and  direct-to  procedures.  One  of  the  advantages  of  the  reduction  to  workload, 
besides  the  eventual  impact  on  staffing  requirements,  is  that  the  controllers 
are  free  to  more  carefully  sequence  the  arrival  traffic,  resulting  in  improved 
capacity  and  reduced  delays  [37], 

The  usage  of  RNAV  terminal  routes  also  allows  special  routes  to  be  desig- 
nated to  satellite  airports  in  major  hub  areas.  This  reduces  workload  and  may 
guarantee  conflict-free  paths  to  these  minor  airports.  RNAV  can  also  be  used 
for  defining  IfR  noise-abatement  routes.  These  would  avoid  noise  sensitive 
areas  and  would  be  designed  intercept  the  ILS  (or  narrow-beam  MLS)  approach 
course.  Departure  noi se-abatement  routes  can  also  be  implemented. 

RNAV  capability  may  also  be  used  for  conducting  non-precision  instrument 
approach  procedures.  Primary  candidates  for  RNAV  procedures  are  non- ILS  run- 
ways at  major  airports,  particularly  when  they  are  used  extensively  for  GA 
and  STOL  operations,  and  primary  runways  at  the  many  smaller  airports  which 
do  not  have  ILS  capacity. 

Many  of  the  above  benefits,  as  well  as  costs,  have  been  quantified,  the 
results  of  which  are  presented  in  the  following  section. 
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1.3  OVIRALl  RNAV  Hr NIT  ITS  AND  COSTS 

This  section  summarizes  the  results  of  <i  detailed  analysis  of  RNAV  costs 
and  benefits  projected  over  the  period  of  years  from  the  present  to  the 
year  '/non.  The  intent  of  this  study,  which  is  described  in  Section  <1  in 
detail,  is  to  provide  the  basis  for  making  educated  decisions  regarding 
the  implementation  of  area  navigation  routes  and  procedures.  An  important 
factor  in  these  decisions  is  the  ratio  of  benefits  to  costs.  In  order  to 
properly  compensate  for  the  passage  of  time  encountered  between  the  points 
where  system  implementation  costs  are  expended  and  benefits  are  realized, 
overall  costs  and  benefits  must  be  presented  in  terms  of  their  present 
(discounted)  value.  Guidelines  for  present  value  computation  promulgated 
by  the  Office  of  Management  and  budget  have  been  used  in  this  analysis  [43]. 

In  References  8 and  15,  earlier  studies  of  the  costs  and  benefits  of  area 
navigation,  detailed  methodologies  were  developed  for  RNAV  cost/benefit 
assessment.  Reference  8 calculated  projected  benefits  and  costs  for  a typical 
implementation  year  (1984).  However,  these  calculations  have  been  revised 
and  expanded  in  this  report  for  three  reasons: 

1)  To  accommodate  any  changes  in  expected  benefits 
or  costs  which  have  resulted  from  the  present 
study  of  the  interface  of  RNAV  and  the  IIG3RD. 

2)  lo  allow  projections  to  be  based  upon  the  revised 
traffic  and  fleet  projections  data  contained  in 
the  Baseline  and  Implementation  Scenario  [1]. 

3)  To  project,  and  to  discount  to  present  value, 
all  benefits  and  costs  from  the  present  to  the 
year  2000. 

As  a result,  comprehensi ve  and  current  assessments  of  overall  RNAV  benefits 
and  costs,  and  present  value  benefit/cost  ratios,  may  be  made.  In  the  following 
all  air  carrier  benefits  and  costs  are  expressed  as  industry  totals.  Interested 
parties  are  referred  to  Section  4 which  lists  all  benefits  and  costs  by  individual 
aircraft  type  category,  which  is  of  interest  since  the  benefit/cost  ratios  can 
vary  widely  from  type  to  type.  Care  should,  however,  he  exercised  in  interpreting 
the  benef  i t./ros  t results  for  individual  aircraft  categories.  They  express 
industry  aggregate  results  over  a fixed  time  period,  and  so  express  more  conser- 
vative results  than  would  be  expected  from  benefit/cost  analyses  ot  individual 
aircraft  in  a given  fleet,  where  the  analyses  would  be  carried  over  the  aircraft 
1 i f e t i me . 

1.3.1  RNAV  User  Costs 

The  costs  to  airspace  users  of  RNAV  equipage  have  been  computed  for  the 
projected  air  carrier  fleet  and  for  those  general  aviation  users  most  likely 
to  equip.  In  general,  air  carrier  aircraft  were  assumed  to  equip  over  three 
year  periods,  with  wide-body  aircraft  starting  in  1982  and  narrow-bodies  in 
1983,  although  certain  exceptions  (two-engine,  four-engine  standard  body) 
were  made  due  to  declining  fleet  size  projections.  RNAV  equipage  costs  were 
taken  to  include  equipment  costs,  spares  inventory,  one-time  installation  cost 
and  crew  training,  plus  annual  maintonaiuc  and  data  base  update  costs.  These 
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<or.t  values  arc  detailed  in  Section  4.  A standard  ARINC  MK13  RNAV  contiqura- 
tion  was  assumed  tor  standard  hody  aircraft,  and  mo*"e  sophisticated  and  expen- 
sive units  were  presumed  for  the  wide  hody  aircraft.  Dual  (redundant)  installa- 
tions were  presumed  throughout,  althouijh  dual  installations  are  not  required 
to  obtain  RNAV  benefits.  The  summary  airline  equipage  cost  data  are  presented 
in  Table  1.1.  Costs  from  the  present  date  are  included  since  a tew  airlines  are 
now  equipping. 


Table  1.1  Overall  Air  Carrier  Cquipaqe  Costs,  19/b-2000 
/Note/  Dual  (redundant  touipaye  Presumed 


Units  Installed 

444? 

Acguisition  Costs 
Maintenance  Costs 

$1069M 

367M 

Present  Value  Total 

$ 44?M 

It  is  difficult  to  predict  which  general  aviation  operators  will  he  most 
likely  to  equip  with  RNAV  capability.  The  dollar  payoff  is  not  nearly  so  large 
as  in  the  airline  case,  but  other  operational  benefits  may  be  realized  by  GA 
operators.  The  relatively  large  number  of  GA  RNAV  units  sold  to  date  attests 
to  their  utility.  The  earlier  cost/benefit  study  [0]  quantifies  dollar  benefits 
of  RNAV  available  to  GA  users;  however,  overall  benefits  to  the  GA  segment  have 
not  been  projected  in  this  study  since  data  sufficient  to  establish  such  a pro- 
jection were  not  provided  in  Reference  1.  To  maintain  an  overall  conservative 
estimate  of  RNAV  benefit/cost  ratio,  the  RNAV  equipage  costs  applying  to  those 
GA  aircraft  most  likely  to  be  equipped  have  been  computed  and  are  included  in 
this  analysis.  Those  judged  most  likely  to  equip  include  all  turbine  aircraft, 
and  all  piston  operators  who  are  based  at  high  or  medium  density  hub  airports. 
Single  (non- redundant)  equipage  is  presumed,  with  initial  equipage  starting  in 
198?  and  continuing  for  four  more  years.  Total  acquisition,  maintenance  and 
present  value  costs  are  listed  in  Table  1.2. 

Table  1.2  GA  Equipage  Costs,  1982-2000 


/Note/  Single  Equipage  Presumed 


Turbine 

Piston  * 

Units  Installed 

?9,34f> 

70.32  | 

Acquisition  Costs 

$209. 1M 

$,’9 . 5M 1 

Maintenance  Costs 

86 . 4M 

20. 0M 

[present.  Value  Total 

$ 76. 4M 

$18. 8M 

1.3.2  Air  Carrier  Benefits 

In  Section  4 detailed  explanations  are  given  describing  the  data  sources, 
methods  and  assumptions  used  in  projecting  the  benefits  of  RNAV  to  he  realized 
by  air  carrier  operators.  All  analyses  have  been  conducted  separately  For  each 
aircraft  type  category.  Four  RNAV  benefit  types  have  been  studied:  terminal  area 
route  and  procedure  benefits,  enroute  route  length  savings;  VNAV  descent  procedure 
benefits,  and  40  (time  control ) RNAV  arrival  benefits  in  an  M&S  environment. 


1-b 


Fleet  si/e  and  operations  data  were  taken  from  Reference  1,  while  benefits 
methodologies  were  taken  from  Reference  8.  Also,  the  most  recent  (1976) 

CAR  data  concerning  operating  costs,  fuel  costs,  staqe  lengths  and  departure 
rates  was  used  (Reference  4f> ) . A scenario  was  developed  describing  the  order 
and  timing  of  the  implementat i on  of  RNAV  (and  of  40)  in  terminal  areas.  Over- 
all benefits  are  stated  in  Table  1.3.  Fuel  and  time  benefits  are  stated  directly. 
The  cost  value  implications  of  these  savings  have  been  expressed  in  terms  of 
maximum  and  minimum  potential  values.  Stating  two  values  was  deemed  necessary 
in  order  to  account  for  the  wide  potential  variation  in  future  fuel  prices, 
and  to  account  for  varying  airline  interpretations  of  the  incremental  cost  of 
aircraft  operating  time.  Specific  values  used  for  fuel  and  for  time  value  for 
each  aircraft  category  are  listed  and  explained  in  Section  A.  It  should  be 
mentioned  that  the  higher  of  the  two  cost  levels  more  closely  represents 
probable  future  fuel  prices  and  common  airline  costing  policy. 

Table  1.3  Overall  Air  Carrier  RNAV  Benefits,  1982-2000 


1 

Terminal 

Procedures 

En route f VNAV 
Descent 

40  with 
M&S 

TOTAL 

jFuel  Savings  (qal) 

Time  Savings  (hr) 

3022M 

1844K 

. 

3732M  84  3M 

1945K  S92K 

2774M 

2355K 

10.371M 

6.736K 

'total  DOLLAR  VALUE: 

Low  Cost  Assumption 
High  Cost.  Assumption 

! 

S1627M 

2/38M 

S1919M  $ 44/M 

32S9M  72bM 

$1823M 

3T18M 

$ S ,816M 

9 ,84 1M 

. 

1976  PRESENT  VALUE: 

Low  Cost  Assumption  $ 37 1M 

High  (.ost  Assumpt  ion  622M 

$ 42SM  $ 105M 
718M  170M 

$ 40 1M 
683M 

$ 1.302M 
2.193H 

Present  value  costs  and  benefits  having  now  been  calculated,  the  airline 
benefit  cost  ratio  may  now  be  r (imputed,  as  in  Table  1.4.  The  resulting  ratio, 
wmsh  ranges  as  high  as  6. 0,  is  far  in  excess  of  that  required  simply  for  justi- 
rr.ation  arid  suggests  a large  potential  payoff  to  the  airlines.  It.  should  be 
enf. ioned  that  benefits  prior  to  1982  of  several  types  will  be  available  to 
equipped  aircraft.  These  were  left.  out.  of  this  analysis  for  purposes  of 
s impl  i f i ca  t. ion . 

Table  1.4  Air  Carrier  Present  Value  Benefit/Cost  Ratio,  1982-2000 


Present  Value  Costs 

$44  2M 

PRLSENT  VAL lit  BLNE FITS: 

$130211 

low  Cost  Assumption 

2193M 

1976  B/C  RATIO: 

Low  Cost  Assumption 

2.9 

High  Cost  Assumption 

5.0 

I 3.3  ATT  Benefits  and  Costs 


Section  4.2  discusses  in  dt* tail  the 
benefit  areas  include  the  ability  of  RNAV 
be  removed  from  terminal  areas,  result ing 
others,  and  the  ability  of  RNAV  to  reduce 


results  summarized  below.  Major-  ATC 
to  allow  certain  VORTAC  stations  to 
in  savings  in  maintenance  costs,  among 
controller  workload  and  increase  pro- 


ductivity, resulting  in  ATC  staffing  reductions.  Major  ATC  cost  areas  include 
certain  improvements  to  the  en route  VORTAC  coverage  network  for  RNAV  route 
structure  coverage,  and  the  costs  of  implementing  area  navigation  in  the  NAS. 
There  are  also  other  areas  of  minor  cost  or  benefit  impact,  such  as  in  the  area 
of  ATC  automation  costs  (see  Reference  H),  which  are  not  included  in  this 
analysis. 


The  terminal  VOR  maintenance  savings  benefit  derives  from  the  finding  [8] 
that  forty-eight  stations  could  be  removed  from  the  fifty-four  high  and  medium 
density  terminal  areas  included  in  that  analysis.  While  many  types  of  savings 
could  be  realized  from  this  removal,  a conservative  estimation  was  performed 
utilizing  only  the  savings  in  maintenance  cost  expenditures.  The  total  savings 
(1985-2000)  amounts  to  $36M,  or  an  $HM  1976  present  value. 


Terminal  and  enroute  controller  productivity  improvements  have  been  the 
subject  of  several  studies  [49,8],  where  it  was  found  that  the  implementation 
of  RNAV  could  result  in  10%  (terminal)  and  14%  (enroute)  productivity  improve- 
ments. A recent  study  of  IJG3RD  feature  productivity  improvements  and  resulting 
staffing  levels  (Reference  50)  was  used  as  the  basis  of  a projection  of  overall 
impact  on  staffing  requirements.  The  results  of  these  projections  are  stated 
in  Table  1.5. 


Table  1.5  RNAV  Controller  Productivity  Benefits,  1982-2000 


Man-Years 

Saved 

Dol lars 
Saved 

Present 

Value 

26  Terminal  Areas 

1063 

$ 26. 4M 

$ 8.0M 

20  Enroute  Centers 

17.018 

422. 0M 

210. 7M 

The  major  ATC  cost  areas  studied  were  for  enroute  VORTAC  improvements  and 
RNAV  implementation  costs.  Required  VORTAC  improvements  include  two  new  stations 
plus  conversion  of  five  existing  low  altitude  stations  to  high  altitude  status, 
resulting  in  the  following  costs: 

Capital  Costs  (1982)  $597 K 

Annual  Maintenance  97K 

1976  Present  Value  Total  84 1 K 

The  RNAV  implementation  costs  over  a ten-year  implementation  period  have  been 
estimated  [44].  These  costs  amount  to  a total  of  $19. 825K , with  a 1976  present 
value  of  $12, 949K . This  cost  data  is  broken  down  in  detail  in  Section  4.2. 

The  ATC  benefit  cost  ratio  may  he  computed  from  the  present  value  data, 
as  in  Table  1.6.  These  results,  a ratio  of  9.9,  show  that  RNAV  is  extremely 
attractive  from  the  ATC  economics  point  of  view. 
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lable  1.6  AH'  Present  Value  Itenet  i l/t.ost  l\.i(  io,  10//-. '000 


Present  Value  Benefits 

$136. /M 

Present  Value  Costs 

13.8M 

1976  Benefit/Cost  Ratio 

9.9 

1.3.4  Air  Carrier  Passenger  Benefits 

Passenger  delay  time  savings  benefits  have  been  computed  from  the  aircraft 
time  savings  data  discussed  earlier,  plus  average  per-f light  passenger  load 
data  from  the  CAB  report  [45].  The  resulting  savings  were  costed  out  at  $12 
per  passenger-hour,  from  Reference  51.  T ho  total  savings,  shown  in  Table  1.7, 
from  1982-2000  are  588  million  passenger-hours  (6/, 000  passenger-years) , worth 
over  $/  billion  to  the  passengers  affected. 

Table  1./  Air  Carrier  Passenger  Benefits,  1982-2000 


■ ■ - 1 1 ... 

Aircraft  Hours  Saved 

6736K 

Average  Passenger  Load 

87.4 

Passenger  Hours  Saved 

588. 5M 

Value  0 $12/hr 

$/062M 

1976  Present  Value 

$1 S7?M 

l 

1.3.5  Overall  RNAV  Benefit/Cost  Assessment 

Table  4.29  from  Section  4.4  is  repeated  below,  for  convenience,  as  Table 
1.8.  It  includes  all  of  the  present  value  data  (abbreviated  "PV")  presented 
in  this  section.  Two  values  of  overall  RNAV  benefit/cost  ratio  are  shown, 
which  differ  based  on  the  two  airline  fuel/time  cost  assumptions  mentioned 
earlier.  These  are  ratios  of  5.5  (low  lost.s)  and  /.I  (high  costs),  either  of 
whuh  illustrate  the  extreme  attractiveness  of  RNAV  from  the  point  of  view  of 
economics.  As  discussed  in  that  section,  these  become  significantly  higher  if 
a i r carrier  aircraft  equip  only  with  single,  rather  than  dual,  RNAV  instal la t ions . 

An  additional  point,  of  interest  due  to  the'  fuel  crisis,  which  is  also  dis- 
cussed m Section  4.4,  is  the  magnitude  of  total  fuel  savings  to  year  2000.  This 
was  found  to  be  (Table  1.3)  in  excess  of  10  billion  gallons,  whicn  exceeds  the 
19/5  total  annual  domestic  air  carrier  fuel  consumption  of  7.3  billion  gallons  [45]. 


I <» t> I f*  1 . H Overall  RNAV  Benefit/Cosi  Ratios 


low  Cost 

High  Cost 

Assumpt i on 

Assumption 

I’V  Air  Currier  Itenef  i ts 

SI  30PM 

SB  1 93M 

PV  ATC  System  Benefits 

1 3/M 

13/M 

PV  Passenger  Benefits 

15 /PM 

15/2M 

TOTAL  PV  BLNFFITS 

$301 1M 

S3902M 

PV  Air  Carrier  Costs 

$ 44PM 

$ 44BM 

PV  GA  Costs 

95M 

95M 

PV  AFC  System  Costs 

14M 

14M 

TOTAL  PV  COSTS 

$ 55 IM 

$ 551 M 

BLNLF1 T/C0S1  RAT  I OS 

5.!. 

/.I 

1.4  IJC3RD  riAHIRf  INTFRACT IONS 

This  section  discusses  relative  U(i.iRl)  feature  priorities  and  plans,  and 
reviews  how  the  several  IIG3R1)  features  will  interait,  given  the  beneficial 
influences  which  RNAV  will  provide.  The  results  of  this  study  are  discussed 
from  the  point  of  view  of  the  effects  of  RNAV  on  the  AH'  limitations  which  the 
several  1IG3RD  features  are  designed  to  resolve. 

1.4.1  1 JO  3RD  Implementation  Priorities 

While  all  of  the  IIG3RD  programs  are  being  pursued  on  a priority  basis, 
more  recently  some  of  these  programs  have  been  assigned  even  higher  priority. 

This  w.is  formalized  in  a list  of  the  ten  high  priority  I AA  programs  (research 
and  otherwise)  published  by  the  Office  of  the  Administrator  |41]  on  October  14, 
1975.  The  resulting  high  priority  programs  which  are  part  of  the  UG3RD  set  are 
the  following: 

• Confl ict  Alert 

• Central  How  Control  Automation 

• Metering  and  Spacing 

• Minimum  Safe  Altitude  Warning 

t Flight  Service  Station  Modernization 

This  study  has  determined  that  there  is  no  reason,  from  the  point  of  view 
of  RNAV  implementation,  to  disturb  the  priorities  which  have  been  assigned  to 
each  IJC3RD  feature,  and  has  reaffirmed  the  importance  of  each  UG3RD  program 
area.  In  the  course  of  this  study  several  areas  have  been  discovered  where 
RNAV  and  other  UG3RD  features  interact  and  complement  each  other  to  such  an 
extent  that  certain  ATC  limitations  which  have  boon  t tie  motivating  force  behind 
development  of  certain  UG3RD  features  may  be  relieved,  or  partially  resolved  in 
the  short-term  environment,  through  implementation  of  RNAV  tecnniques.  This  has 
no  impact  on  the  overall  need  for  any  of  the  UG3RP  features,  but  it  does  provide 
the  fortuitous  benefit  of  somewhat  alleviating  certain  ot  the  prob  ems  assoc  iated 


with  the  All  system  nit  l I certain  Ion. in  lead  t’  < ,rr  I'M"  '•  are  implemented.  A 
pur  t i<  u I (i  r I y pertinent  example  is  t h«  * ion  fro  I Message  Automation  ana  Data  ! mk 
( omlnn.it  ion , whit  fi  will  require  >i  I out)  lead  tin*'  before  providing  t lit'  controller 
(irocluc  f t v i ty  improvements  ex  pec  ted  of  them.  Set  t ion  1.4.,’,  which  follows, 
hist  us  ses  where  this  inter. n t ion  w.is.  and  w.e.  niit  . found  tv'  exist.  : lie  result', 
presented  are  desvrihed  in  iixire  tlet.iil  in  Set  I ion  < 4. 

Resides  mter.u  t ing  with  other  UlitKH  te.it ures,  RNAV  will  inter.iv  t with 
t he  existin']  VOR  route  structure.  VOK  a rut  RNAV  finiti  altitude  route  structures 
will  coexist  for  a transition  time  period;  low  altitude  structures  may  coexist 
indefinitely.  Such  situations  have'  existed  before,  such  as  when  VOK  routes 
were  introduced  into  the  II  Range  route  structure',  llie  resulting  dual  structure 
may  tie  more  difficult  to  chart  and  comprehend,  but  as  shown  in  Reference  o it 
tends  to  reduce  airspace  conflict  rate's,  and  so  doesn't  burden  the'  controller. 

In  order  to  be  introduced  most  effic  lently,  an  RNAV  master  route'  struc  ture', 
designed  to  tic'  implemented  in  a phased  manner,  should  he  carefully  developed 
in  order  to  realize'  RNAV  benefits  win  )e  optimizing  traffic  and  route  inter- 
act ions.  In  Ri'lerrt,  e t tic'  i mp  1 emeu  t a t i on  of  RNAV  is  discussed  in  detail. 

1.4..’  0G3RD  Feature  Interactions  with  RNAV 

The  following  is  a list  of  the'  Ufi.tRP  features  along  with  a brief  dis- 
cussion of  the  findings  of  the  study  as  to  the*  interact  ions  of  ouch  feature 
with  RNAV  from  an  implementat  ion  viewpoint.  in  most  case's  no  dic'd  interaction 
exists.  In  each  case  the  major  motivation  behind  the  development  of  each  UG3KP 
feature  is  stated. 

NOT! : Fxplicit  definitions  of  MIS  Category  1,  11  and  111 
approach  criteria  have  not  yet  been  specified  by 
ICAO,  ilsdde  of  the'  terms  "Cat  1 , etc.,  are  meant  to 
refer  to  levels  of  performance  equivalent  to  existing 
Cat  1 , etc . . 1LS  capabi 1 i t ies. 

• MLS  at  Dense  Terminals  --  Wide  Ream  or  (possibly)  narrow-beam 
MIS  will  be  installed  at  all  major  terminals  so  that  Category 
11/11!  capability  may  be  instituted,  allowing  improved  operational 
reliability  and  reductions  in  weather  induced  delays.  It  is 
assumed  tfi.it  a narrow-beam  Category  !1  111  MIS  eonf  icjur.it  ion  could 
be  made  available',  although  tins  is  not  a current  1 y -pi anned 
configurat ion . 

• Wide -Ream  MIS  --  RNAV  provides  the  a re a c 'overage  capabi 1 i t \ 
in  the  terminal  area  to  accurately  navigate  arrival  c...es 
and  transitions  to  precision  final  approach  guidance  Is 
demonstrate'.!  in  Appendix  0,  the  RNA\  capability  can  s.itisiy  the 
noise  abatement  procedure  requirements  at  main,  but  not  all, 
terminals.  Therefore,  the'  wide-beai  MIS  implementat  ion  require- 
ment could  lie  eased;  this  might  allow  dvceierated  implementation 
of  the  basic  and  Cat  1 1/l  11  narrow-beam  configurations. 

• MIS  at  Small  Airports  --  Category  l,  narrow-bear  Mis  capability 
is  needed  at  airports  where  an  opera t ion.il  requirement  exists 
This  is  part,  irulurly  true  where  non-proc i s i on  approach  mini  mums 
arc'  fi  i gfi , and  where  RNAV  approach  procedures  will  nc't  adoquateh 
meet  fix'  opera t ion, il  requirement. 
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• -Af’  1 1 vr  i : iiu  t . ht  i- 1 i i i • ■■  . .ill  i 1 1 1 v i i i ii;--  w i l i 

lx  regal  red  tur  certain  iiu ! ui>i,i  t ion  i mprovei  it'll  ts  aiul  IIV  . it  is 
I he  rot  urt  .111  n (tort. inf  IKUk'l  tea  tun  . however,  PAPS  is  not 
reguired  to  support  RNAV. 

• Intermittent  Positive  Control  --  1PC  is  primarily  intended  for 
tin*  VIP  and  mixed  env  1 ronmont  s and  will  provide  erne  money 
separation  service  to  non-control  led  aircraft. 

• Control  Message  Automation  • Signifuant  reductions  in  ATC 
control  let  workload  are  expected  to  result  as  RNAV  is  introduced. 

The  hasii  reasons  are  the  usage  of  RNAV  SID/STAR  procedures,  of 
RNAV  with  MAS,  and  of  an  onroute  RNAV  route  structure.  CMA  (with 
i'AIP.  Data  1 ink)  is  the  major  long-term  HOARD  program  intended  for 
controller  workload  reduction.  1 he  beneficial  aspects  of  RNAV  in 
this  area  will  help  ease  that  problem  until  CMA  is  fully  implemented 

• Near  lei  Automation  I nhani i ents  Development  of  theso 
enhiinc  ements  (Conflict  Alert,  Confl  iet  Probe,  M&S,  MSAW,  ett  . ) 
is  well  under  way.  They  primarily  will  improve  safety  and 
NAS/ARTS  reliability. 

• Metering  .s  Spacing  --  MSS  .hould  s l gni  f i cant  1 \ mprove  capacity 
and  reduce  delays,  and  will  also  function  well  in  an  RNAV  or 
mixed  RNAV/radar  vector  environment,  as  demonstrated  in  detail 

i n Append i \ C , 

• Inroute  Metering  --  This  progr an  should  result  in  significant 
fuel  savings. 

• Central  i low  Control  --  Several  UCiTRP  programs,  such  as  M&S, 

WVAS,  ASIC  and  RNAV.  should  produce  significant  airport  and 
airspace  capacity  improvements,  which  should  result  in  reductions 
to  delay  over  the  long  term.  RNAV  terminal  t apa*.  1 1 y improvements 
were  demonstrated  bv  real  time  simulation  |3/].  lhese  capacity 
improvements  should  help  t;o  ease  the  flow  control  problem. 

• Airport  Surface'  Iratfii  Control  Since  ground  operations  must 
continue  during  Category  11  '111  conditions  at  airports  where 
Cat  11  Ml  I landings  are  being  conducted,  AS TC  improvements 

are  needed,  particularly  as  Cat  1 i 111  capability  becomes  more 
widely  implemented. 

• Wake  Vertex  Avoidance  --  WVAS  is  critic. il  to  improve  terminal 

capacity  and  reduce  delays.  WVAS,  RNAV , MSS  and  Ml  S C . 11  III 

will  work  together  to  result  in  a very  significant  everall 
improvement  to  terminal  capacity.  RNAV  capacity  impacts  are 
addressed  in  Section  .’.3.1. 

• Night  Service  Station  Modernisation  • 'ins  program  promises 
that  a large  potential  cost  savings  will  be  available  upon  itm 
sin  esstul  completion. 

It  should  be  emphasized  that,  none  of  these  . si3RP  programs  a*  e in  any  wav 
a'cessary  tor  the  successful  and  benefi.ial  i nip  1 eeienat  ion  of  RNAV  as  t lit' 
irimarv  navigation  system 
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1.4.5  extended  Capability  RNAV  Concept  Recomrtoruiat ion 

A rationale  for  implementing  an  l xt ended  Capability  RNAV  concept  (ICR)  is 
presented  in  Section  5.  5.  !.  The  ICR  equipment  would  hi'  required  to  meet 
c ertain  pcrtnnianc  e standards  for  approval  whic  h are  c onsiderably  hnjher  than 
present  standards  [10  | . 1 xpended  capability  and  standard  KNAV-oquippod  aircraft 

would  be  fully  compatible  and  coexist  in  all  phases  of  the*  NAS  environment, 
with  the  following  exceptions: 

• i x tended  Capability  would  be'  required  for  the  conduct  of  40 
MNS  procedures  (Standard  RNAV  aircraft  would  be  inteqrated 
with  40  aircraft  and  conventional  radar  vector  aircraft  by  the 
M.ks  logic). 

• A new  c'atoqorx  of  ICR  Instrume'iit  Approach  Procedures  would 
be'  c rea ted, 

• tCR  capability  would  be  required  in  order  to  use  the  40 
function  to  achieve  reduced  in-trail  separations  under  an 
enroute  vtennq  concept  discussed  in  Section  3.3.1. 

it  .Mould  be  emphasized  at  this  point  that  the  fxt ended  Capability  RNAV 
. otic  opt  requires  no  new  or  improved  navigation  aids  ^PVOR,  PVOR  or  l'1'Ml  not 
required).  It  simple  would  be  an  official  roooqnition  of  the  capabilities 
civsentlv  being  demonstrated  m hiqh  quality  Area  Naviqation  Systems. 

A principal  advantaqe  of  the  ICR  Concept  is  that  instrument  approach 
apabi 1 i t ins  would  be  si oni f leant 1\  improved,  allowinq  lower  decision 
heiqhts  and  reduced  visibility  minima  in  comparison  to  standard  RNAV 
procedures.  Such  a capability  would  allow  operation  to  minimums  which 
would  b«',  in  many  cases,  significantly  lower  than  existing  non-precision 
approac h "lnirums;  this  could  provide'  enhanced  operational  capability  at 
airports  prior  to  deployment  of  small  co  unity  MIS  systems , and  tor  remaining 
non- instrumented  runwavs  after  MIS  is  installed  at  primary  runways. 

1 Si  VMARY  Of  CONCLUSIONS 

'■s'  conclusions  of  this  stuck  aro  prosented  in  detail  in  Section  b.  The 
principal  findinos  of  tnis  study  aro  presontod  below. 

• 1 ho  trend  to  RNAV  route'  structures  and  the  usage  of  pre- 
planned dire'ct  flight  plans  will  not  de't’-  vitally  affect 
PAR'S  site-  coverage  reguiivvnts,  CARS  date,  link  cna-ne'. 
i.saeje,  or  IRC  requirome'iits  ^Section  .'  1.  Appendix  A' 

• PARS  IP,  could  easily  transmit  control  instruct  ions  in 
RNAV  terms  to  e'quipped  aircraft.  This  could  bo  extended 
to  t tie'  point  of  providing  route  definition  data  (Route' 
data  iVlive'r,  conce'pt)  to  aircraft  desiring  such  service' 

(best  ions  .'1.5,  Appendix  A). 
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• Ihe  mil.  f .nit  of  I I i int  'icivM'  still  inn  Modorni /at  ion 
plans  ftiat  would  be  aff'.te  would  be  that,  during  t hi' 
transition  to  an  RNAV  env  i ronneiit  , a urea  tor  numher  of 
routes  would  he  stored  in  the  route  data  base  (Section  .’.1’; 
Append  i < li ) . 

• RNAV  procedures  mov  t><  integrated  ivilli  metering  and  spacing 
techniques  without  causing  any  significant  procedural  or 
software  problems  and  without  affecting  arrival  time  control 
capability  (Section  2 . > 1;  Appendix  l, .1). 

• The  in; e ;iv  t i on  or  RNAV  with  MRS  improve  time  control  - 
labili'.  (range  of  delav  available)  and  reduces  controller 
workload.  1 tie  integration  of  4P  RNAV  procedures  will 
improve  arrival  time  lO’trol,  tee  control  labi  1 i ty  and 
controller  workload  (Section  1.1;  Appendix  C.l). 

• The  logical  design  ontrt  I m >s  it  on  software 

will  be  affected  somewhat  by  the  . . ..  to  service  RNAV 
aircraft,  t»u 1 there  will  be  no  significant  impact  to 
computer  storage  or  ut  i 1 i /a  t ion  reguiri  gents  ^section  '.3.2, 
Appendix  C. 

• Central  ' low  Control  sy.tr  plan-  slug  , a not  be  signi  f icant  ly 
affected  bv  RNAV.  Also,  RNAV  vi > »y»v i de  increased  holding 
atrspate,  wtucti  may  reduce  . ne  di. "ensign,  of  the  f 1 ow  control 
problem  (section  2.3.1;  A,  pencil  \ C.d). 

• RNAV  provides  suffi  ient  act  iracy  to  inter!  ce  with  v;  s 
approach  guidance.  It  may  serve  as  a substitute  noise- 
abatement  approach  navigation  reference  in  many  case, 
which  irav  reduce  wide-bcv  Ml'  inplervntat  ion  requ  i rerents . 
Some  no i se-aha tement  bc'nefi  ay  be  real  iced  immediately 
through  provision  of  RNAV  routes  to  intercept  US  approaches 
(Section  2.4;  Appendix  D). 

• considerable  Mi s airborne  -airment  lost  savings  would  result 
(jiven  that  combined  RNAV  Ml  s avioniis  are  developed  (Section 
2.4.4;  Appendix  0.1) 

• 1 he  Airport  iurface  rraffit  ( ont ro ; ) c gr in  wi  no . be 

affected  by  RNAV  in  any  way  (Sect  on  '.s' 

• The  wake  Vortex  Avoidance  rogram  shoc.la  not  be  affected 
bv  R'.AV  except  that  RNAV  control  proccsiures  can  be 
beneficially  used  when  changing  vortex  conditions  are 
detec  ted  ( sec  t ion  2 . b ; Append i \ t ) . 

• No  UG.iRD  progra  elements  were  found  to  oithe  be  required 
for,  or  to  significantly  interfere  with,  the  successful  and 
beneficial  implementation  RNAV  (section  >.d) . 


An  tx tended  Capability  RNAV  concept  was  developed  in  this 
study  which  requires  no  now  or  improved  navaids,  but  which 
could  siqnificantly  reduce  MDA's  on  RNAV  approach  procedures 
for  appropriately-equipped  aircraft  (Section  3.3.3). 

An  extensive  RNAV  benefit  and  mst  projection  through  the 
year  ?0Q0  has  shown  that  the  197b  present  value  RNAV 
benefit  to  aircraft  operators,  passengers  and  the  ATC  system 
will  be  more  than  $.5  times  greater  than  the  costs  to  those 
parties  (Section  4;  Appendix  I). 


2.0  RNAV  IMPACT  ON  THE  UPGRADED  THIRD  GENERATION  SYSTEM 

?.l  DISCRETE  ADDRESS  BEACON  SYSTEM/ INTERMITTENT  POSITIVE  CONTROL 

2.1.1  DABS  Site  Coverage,  Accuracy  and  Reliability  Requirements 

In  this  section  the  effects  which  RNAV  implementation  would  have  on 
DABS  surveillance  system  performance  requirements  are  addressed.  Specif- 
ically, the  fol lowing  list  of  DABS  performance  measures  and  implementation 
plans  could  potentially  be  affected  due  to  some  RNAV  system  characteristic: 

- Tracking  Accuracy  (range  and  bearing) 

- Track  Update  Rate  (scan  period) 

- Tracking  Reliability  (dropouts,  garbled  responses) 

- DABS  Coverage  Area  (at  specified  minimum  altitude) 

- Redundant  DABS  Coverage  Area  (trackable  by  more  than  one  site) 

- Antenna  Site  Locations 

- Antenna  Site  Implementation  Schedule 

Factors  bearing  on  these  requirements  are  heavily  influenced  by  the  particular 
operational  environment  of  interest;  and  for  each  such  operational  environment, 
only  a few  in  the  above  list  might  be  candidate  potential  RNAV  impact  areas. 

The  situations  which  were  considered  as  being  appropriate  for  study  include  the 
following: 


- Enroute  IFR  Environment  (low  and  high  altitude) 

- Terminal  IFR  Environment 

- Mixed  IFR/VFR  (low  altitude  and  terminal) 

- Special  RNAV  Procedures  (VNAV,  4D  RNAV,  approaches) 

The  results  of  these  studies  are  treated  in  detail  in  Appendix  A;  the  major 
points  are  discussed  below. 

Enroute  IFR  --  The  factors  which  are  candidates  for  impact  include  tracking 
accuracy,  site  locations  and  implementation  schedules.  The  tracking  accuracy 
question  arises  due  to  the  fact  that  route  widths  will  be  reduced  in  some 
situations  upon  implementation  of  RNAV.  However,  the  accuracy  of  DABS  is  so 
much  finer  than  the  route  widths  ('4.0  nm  planned,  »2.5  nm  has  been  suggested) 
that  no  changes  need  be  made.  The  DABS  accuracy  specification  is  0.1°  in 
azimuth  (0.17  nm  at  100  nm)  and  100  ft  in  range  (lo  values). 

The  antenna  site  location  and  implementation  schedule  effects  would  stem 
from  the  fact  that  the  new  RNAV  routes  would  not  overlie  existing  V0R  routes, 
and  could  deviate  from  them  significantly.  In  the  high  altitude  enroute  en- 
vironment these  deviations  could  be  quite  large,  since  nearly  all  hign  altitude 
airspace  has  V0RTAC  coverage,  and  thus  could  support  RNAV  routes.  However,  it 
is  this  high  altitude  region  which  is  by  far  the  easiest  to  cover,  since  terrain 
and  horizon  problems  have  little  effect  on  coverage  range  of  an  antenna  in  most 
such  si tuations.  Long  range  plans  [5]  specify  that  redundant  coverage  over  nearly 
all  CONUS  down  to  6000  ft  AGL  is  to  be  provided  by  the  mid-to  late-  1980' s. 
Therefore,  coverage  above  FL  180  over  most  well  traveled  regions  should  be 
available  well  in  advance  of  that  time.  The  low  altitude  case  is,  however, 
quite  different  in  that  6000  ft  AGL  will  in  many  areas  include  IFR  traffic  (this 
same  coverage  plan  would  provide  single  coverage  to  2000-3000  ft  AGL  for  the 
most  part).  However,  DABS  site  implementation  plans  should  not  be  affected  for 
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two  reasons:  First,  many  VOR  routes  will  be  retained,  which  require  coverage 
regardless;  second,  low  altitude  route  displacements  will  be  small  since 
ordinarily  the  routes  are  short  so  (hat  large  deviations  are  inappropriate,  and 
since  even  RNAV  routes  cannot  deviate  far  from  the  VORTAC  presently  used  to 
define  the  corresponding  conventional  route,  due  to  the  limited  coverage  radius 
in  the  low  altitude  environment. 

Terminal  I f K --  Ihe  UAHS  performance  factors  which  are  candidates  tor  impact 
due  to  RNAV  in  terminal  IFR  operations  are  tracking  accuracy,  update  rate  and 
tracking  reliability.  Tor  terminal  route  navigation,  the  tracking  accuracy 
question  again  arises  due  to  reduced  route  widths.  As  before,  however,  the 
route  widths  involved  ( • 2 nm  planned;  '1.5  nm  has  been  suggested)  are  very  large 
in  comparison  to  the  tracking  accuracy,  particularly  near  the  DABS  antenna,  as 
these  will  be.  The  other  tracking  accuracy  issue  concerns  the  monitoring  of  RNAV 
approach  procedures,  first  of  all  it  should  be  noted  that  such  procedures  will 
be  unusual  at  hub  airports  since  IIS  and  MLS  will  be  available  for  the  primary 
runways ; RNAV  would  be  used  for  those  non-US  runways  where  its  characteristics 
could  allow  lower  minimums.  In  that  event,  the  terminal -located  DABS  sites 
would  provide  more  than  adequate  surveillance  accuracy.  The  issue  of  approaches 
to  airports  with  no  resident  DABS  facility  is  treated  later. 

The  remaining  terminal  area  problems  are  update  rate  and  track  reliability 
for  sel f-navigated  SID/STAR  procedures.  The  four-second  scan  rate  in  present 
terminal  area  use  is  expected  to  be  continued.  In  comparison  to  radar  vector 
procedures,  the  fact  that  the  RNAV  SID/STAR  routes  are  self  navigated  rather 
than  being  controlled  throuqh  ground  surveillance  could  cause  the  requirement 
for  timely  surveillance  information  to  tie  reduced  rather  than  increased. 

As  a result,  neither  update  rate  nor  tracking  reliability  requirements  need 
be  more  stringent  for  serving  an  RNAV  environment. 

Mixed  IfR/VFR  --  The  major  items  of  potential  concern  here  are  tracking  accuracy, 
update  rate  and  reliability,  and  coverage  area.  The  operational  factor  of 
significance  is  that  Intermittent  Positive  Control  service  is  to  be  provided  for 
separating  VFR/1FR  aircraft.  However,  it  makes  no  difference  to  the  IPC  system 
how  an  aircraft  is  navigating;  whether  VOR  or  RNAV,  the  situation  to  be  sensed 
and  service  to  be  provided  is  the  same.  Therefore,  there  would  be  no  accuracy, 
update  rate  or  reliability  impact.  Since  we  are  concerned  here  only  with  IFR 
aircraft  from  an  RNAV  point  of  view,  the  coverage  issue  is  as  discussed  earlier. 

VNAV  Arri val/Dejiarture  Procedures  --  A:  present  all  altitude  surveillance  is 
accomplished  via  voice  communications  and  mode  C transponder  replies.  Since 
VNAV  will  probably  not  be  used  as  the  primary  means  for  providinu  altitude 
separation  [8],  no  changes  to  these  procedures  are  required.  If  VNAV  were  to 
be  used  as  the  primary  vertical  guidance  system,  and  airspace  boundaries  were 
assigned  according  to  the  procedures  set  out  in  Reference  8 , no  improved 

monitoring  would  be  required.  The  only  situation  where  surveillance  improvements 
would  be  needed  is  that  where  a highly  accurate  VNAV  system,  and  correspondingly 
tight  protected  airspace  boundaries,  would  be  implemented.  Such  a high  perfor- 
mance VNAV  capability  is  not  necessary  to  achieve  the  fuel  conservation  benefits 
discussed  in  that  reference. 
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4D  RNAV  Procedures  --  An  arrival  time  control  accuracy  of  5 sec  (la)  has  been 
recommended  as  a valid  target  for  4L)  time  control  performance,  and  has  been 
shown  to  be  possible  in  Appendix  C.  Such  time  control  procedures,  therefore, 
require  a high  degree  of  surveillance  accuracy.  Since  time  control  procedures 
would  be  used  only  at  large  hub  airports,  each  of  which  having  a local  DABS 
site,  the  needed  surveillance  would  occur  within  ten  miles  of  the  antenna. 

Based  upon  the  DABS  specifications  stated  earlier,  at  ten  miles  the  azimuth  error 
would  amount  to  106  feet,  and  range  error  100  feet  (lo).  A 100  foot  error 
corresponds  to  0.37  seconds  at  160  kt,  more  than  an  order  of  magnitude  better 
than  the  system  being  tracked,  and  therefore  sufficiently  accurate  for  supporting 
40  RNAV  Metering  and  Spacing  procedures. 

Off-Site  RNAV  Approach  Procedures  --  Consideration  has  oeen  given  to  a possible 
requirement  that  DABS  monitoring  capability  exist  in  order  that  an  RNAV 
approach  procedure  may  be  defined.  This  stems  exclusively  from  the  fact  that 
more  opportunities  for  data  input  blunder  error  exists  with  RNAV  approaches  than 
with  some  other  approach  procedures.  Ordinarily,  it  is  not  expected  of  the  ATC 
system  to  be  responsible  for  the  execution  of  an  otherwise  safe  approach  pro- 
cedure. Requiring  DABS  coverage  down  to  approach  minimums  would  considerably 
raise  decision  altitudes  for  RNAV  procedures  at  airports  where  no  DABS  site 
exists  locally,  and  in  many  cases  would  prevent  implementation  of  RNAV  procedures 
completely.  Should  surveillance  be  deemed  a requirement,  however,  it  is  not 
necessary  to  monitor  the  approach  down  to  minimums,  but  only  to  the  initial 
segment  of  the  final  approach  course,  some  2,500  feet  higher.  This  would  assure 
that  the  aircraft  is  stabilized  on  the  proper  course,  indicating  that  RNAV  data 
entry  was  not  erroneous. 

2.1.2  DABS  Data  Link  Format  and  Capacity  Requirements 

The  intent  of  this  study  was  to  determine  whether  the  usage  of  RNAV  as  the 
means  of  navigation  will  impose  an  added  burden  upon  the  data  link  channel  of 
DABS.  The  context  of  the  study  presumed  that  all  planned  DABS  data  link  features 
are  in  full  use,  including  Intermittent  Positive  Control  ( I PC ) , Control  Message 
Automation  (CMA) , and  Extended  Length  Messages  (ELM).  The  CMA  function  is  most 
significantly  affected,  since  clearances  would  be  in  RNAV  terms  rather  than  con- 
ventional navigation  terms.  The  IPC  function  would  not  be  affected  if  RNAV 
clearances  are  not  used.  If  they  were,  only  the  format,  not  the  message  count, 
would  change.  Usage  of  RNAV  for  IPC  functions  is  discussed  in  the  next  section. 

The  ELM  function  was  assumed  to  be  not  at  all  affected,  since  it  will  be  used 
for  weather  and  other  general  information,  and  company  communications. 

In  order  to  complete  the  study,  an  optional  RNAV  service  function  was  ex- 
amined. Called  Route  Data  Delivery  (RDD),  this  function  would  automatically 
transmit,  to  inquiring  aircraft,  waypoint  coordinates  according  to  their  pre- 
filed flight  plan.  This  would  replace  multiple  waypoint  storage  and  manual 
data  insertion  for  lower  cost  systems.  It  is  similar  to  Digital  Data  Broadcast  [40] 
except  that  the  data  is  tailored  to  the  individual  aircraft  flight  plan,  and 
is  only  transmitted  upon  demand. 

The  study  is  based  upon  an  earlier  study.  Reference  7 , of  DABS  data 
link  capacity  requirements.  That  study  used  the  projected  1995  Los  Angeles 
Basin  Peak  Traffic  Environment.  The  present  analysis  updated  that  study 
based  on  more  recent  developments  in  DABS/IPC  plans,  and  then  conducted  an 
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equivalent  analysis  considering  a total  RNAV  environment.  In  these  studies, 
uplink  message  rates  were  determined  tor  the  following  traffic  segments  in- 
dividual ly: 


I AX  Airport  Arrivals  and  Departures 

fnroute  HR  Operations  at  10,000  Feet  and  Above 

(arrivals,  departures,  overs,  withins) 

- VI  R Aircraft  in  or  Affect  ing  TCA  Boundaries 

- 1 xtended  length  Messaqe-I  quipped  Users 

Downlink  message  rates  wort'  determined  individually  in  the  following  categories: 

Technical  Acknowledgements  to  Uplink  Messages 
MIS  Position  Monitor  Reports 

- Pilot  Requests 

In  order  to  perform  an  RNAV  analysis,  the  number  of  DABS  message  frames 
(SB  hits  are  available  for  data  per  frame)  needed  for  each  message  type  must 
be  known,  sirne  total  channel  usage  depends  not  only  on  message  count,  but  also 
on  frames  per  message.  To  obtain  this  data,  detailed  message  formats  were  de- 
veloped for  each  message  type.  RNAV  and  conventional.  The  details  of  this  study 
are  reported  in  Section  ? of  Appendix  A.  A summary  ol  the  results,  message 
types  and  frames  required, is  presented  in  Table  ?.].  The  numbers  of  frames 
required  are  fixed  for  most  messages  except  for  two,  for  which  an  additional 
frame  may  be  tagged  on  to  provide  more  detailed  data.  Section  2 ot  Appendix 
A presents  the  detailed  study  of  mes  .age  rates,  starting  with  a review  ot  the 
earlier  study  [ /].  Ihe  overall  findings  are  presented  below. 

Uplink  Message  Rates  --  The  overall  uplink  message  rates  tor  the  entire  l AX 
Basin  are  presented  in  Table  2.2.  Note  that  these  messages  would  be  divided 
among  (approximately)  four  individual  DABS  sites,  so  that  the  overall  message 
rates  lire  quite  low  per  site.  Note  that  f ho  IPC  messages  dominate  the  rest. 

This  results  since  they  occur  in  proportion  to  the  square  of  traffic  density, 
while  t.he  remaining  messages  are  in  linear  proportion  to  traffic  density. 

Table  2.  I DABS  frame  Requirements  for  Data  link  Messages 


MLSSAGl  TYPE 

MESSAGE 

1 tames 

COMME NTS 

Vector/Clearance 

Radar  Vector 

Tag  Frame 

Proxim i ty  Warn i ng 
Coded  flea  rani  es 
Alpha  Clearani  es 

1 

1 

! 

4 

Has i c Head i ng/Speed/Al t i tude (upl ink) 
Optional  freq/Raro  Setting  (uplink) 

For  IPC  Use  (uplink) 

(upl ink) 

light  Charai  ters  per  ; rame  (uplink) 

RNAV/Clearance 

I 

1 

RNAV  Control  Amend - 
men t j 1 

Ta<i  frame  1 1 

Route  Data  Request  j I 

Route  Data  Del  i very  I ? 

Di rec  t Rout  e 

Clearance  j 1' 

Di  met  Da  fa  Request  1 

Offset,  Fans,  Etc.  (uplink) 

Optional  Waypoint  Data  (uplink) 

Request  ROD  Data  (downlink) 

Iwo  frames  per  Waypoint  (uplink) 

Request  Direct.  Routing  (downlink) 
Request  Direct  Route  Data  (downlink) 

iother  functions 

i 

Ml s Approach  Mon. 
Capability  Report 

, 1 
1 

(down  1 ink) 

Aircraft  Status  (gown link) 

Table  2.2 


DAKS  Uplink  Message  Rates  (Mossaqes/Socond) 


Message  Type* 

No  RNAV 

100  RNAV 

Total  AIC  Messages/Sec  . 

4.0 

3.5 

Total  1 PC  Messages/Sei  . 

9.0 

9.0 

Tota  1 

13.0 

12.5 

LI  M Dpi inks/Sec. 

2.0 

2.0 

It  should  bo  mentioned  that  the  extensive  usage  of  RNAV  routes  may  actually 
reduce  overall  uplink  message  rate,  since  the  traffic  dispersal  effect  of 
RNAV  tends  to  reduce  conflict  count.  No  such  effect  was  guantified  or  in- 
cluded in  Table  2.2. 

Downlink  Message  Rates  --  The  downlink  rates,  shown  in  Table  2.3,  consist  of 
three  components.  The  first  art'  the  technical  acknowledgements  of  the  uplinked 
messages.  A technical  acknowledgement  consists  of  verbatim  retransmi ttal  of 
the  uplink  message  on  the  downlink  reply.  ELM  messages  are  not  technically 
acknowledged.  The  second  category  is  pilot  requests;  the  rate  for  them  is 
taken  from  the  earlier  study.  The  third  category,  MLS  position  reports,  is 
based  on  the  assumption  that  four  active  arrival  runways  will  be  in  use,  and 
that  reports  will  be  issued  every  second.  Note  that  this  is  a special  case; 
only  one  DADS  site  would  be  receiving  these  reports,  and  so  probably  represents 
a site  specially  configured  for  MLS  report  processing. 


Table  2.3  DABS  Downlink  Message  Rates  (Messages/Second) 


Message  Type 

No  RNAV 

‘ 

100":  RNAV 

Uplink  Technical  Acknowledge 

13.0 

12.5 

Pilot  Requests 

0.4 

0.4 

MLS  Position  Report 

13.0 

12.0 

Total  Downlinks/Sec. 

25.4 

24.9 

ROD  Message  Rates  --  The  overall  message  rate  due  to  the  Route  Data  Delivery 
optional  feature  would  obviously  depend  upon  the  proportion  of  aircraft  which 
avail  themselves  of  the  service.  The  assumption  used  here  was  that  50.  of  all 
IfR  aircraft  would  use  RDD.  The  results  are  expressed  in  Table  3.4,  which 
shows  that  uplinks  would  increase*  0.9  messages/second  (6")  and  downlinks  would 
increase  1.0  messages/second  (4“)  as  a result  ot  the  ROD  function.  Therefore, 
the  use  of  RDD  barely  even  affects  message  rates,  and  so  could  be  handled  quite 
easily  by  the  DABS  system. 

Table  2.4  Route  Data  Delivery  Option  Message  Rates 
( Messages /Second 1 


Message  Type 

Rii ! 

e 

Data  Uplinks 

0. 

9 

Data  Requests 

0. 

1 

Technical  Acknowledgments 

0. 

9 

Total  Downlinks 

1 

0 

? - A 


The  operation  <itul  capabi  I i t ies  ot  ROD  (titter  vastly  from  a Digital  Data 
broadcast  (DDH)  systeni  (see  Reference  40  tor  a desiription  ot  the  DDR  roiuvpt). 
DDR  is  designed  to  relieve  workload  burden  and  blunder  potential  for  lower 
capabi I i ty- RNAV- equipped  users  in  terminal  area  operations  at  hob  airports. 

It  operates  by  encoding  waypoint  data  tor  all  SID/STAR  routes  in  use'  in  the 
DMt  (TACAN)  ground  responder  signal.  Ihe  airborne  unit  decodes  and  filters 
through  the  data  stream,  picking  out.  the  needed  data  and  storing  it..  The 
ground  system  is  relatively  simple,  since  the  same  "data  tape"  is  played  over 
and  over  again  until  runway  orientations  change.  Airborne  access  time  for  a 
given  route  is  on  the  order  of  thirty  seconds.  In  contrast,  RDD  functions  by 
supplying  waypoint  data  specific  to  each  flight  (and  already  known  by  the  center 
computer)  upon  demand  through  the  DARS  data  link.  Multiple  waypoint  storage 
need  not  be  required  of  the  airborne  system.  Also,  no  separate  airborne  de- 
coder unit  is  needed.  RDD  would  provide  data  throughout  the  flight,  not 
just  at  busy  terminals,  although  the  busy  terminals  are  where  such  a feature 
would  be  most  needed. 

?.l.3  RNAV  Integration  with  IRC  Usage 

Integration  of  RNAV  control  commands  with  the  IRC  system  can  have  several 
benefits,  and  airborne  system  complexity  would  increase  only  slightly  in  the 
process  of  adding  RNAV  control  message  display  capability.  These  benefits 
would  apply  only  to  IFR  RNAV  flights  and  VI R RNAV  flights  where  a flight  plan 
indicating  usage  of  RNAV  is  fill'd.  One  of  the  problems  of  IRC  is  that,  while 
it  acts  to  prevent  a conflict,  it  does  nothing  to  return  a pilot  to  his  orig- 
inal course  after  the  threat  has  passed.  RNAV  procedures,  however,  such  as 
parallel  offsets,  direct-to-waypoint  and  cancel  offset  commands,  maintain 
navigation  in  the  cockpit  with  the  following  effects: 

No  disruption  of  navigation  function 

- Continuous  pilot  orientation  with  respect  to  intended  route 

- Automatic  course  reaeguis i t ion  after  passage  of  threat 

Such  <i  technique  would  have  no  impact,  on  DARS  message  rates,  since  two  messages 
are  required  for  standard  IRC  (set  IRC  indicator  and,  after  threat  has  passed, 
blank  indicator).  However,  since  RNAV  would  prevent  pilot  disorientation, 
pilot  acceptance  of  the  IRC  concept  could  be  enhanced  considerably  if  RNAV 
messages  were  employed. 


2.2  FLIGHT  SERVICE  STATION  AUTOMATION 


1.1.  1 Introduction  to  the  FSS  System 

The  Flight  Service  Station  system  consists  of  a network  of  292  Flight 
Service  Stations  and  the  associated  communications  facilities  required  for 
communicating  with  the  Weather  Message  Switching  Center  (WMSC)  , ARTC  Centers, 
TRACONS  and  Towers,  and  each  other.  The  system  provides  two  major  functions: 
weather  data  collection,  processing  and  dissemination  in  the  form  of  pilot 
briefings,  and  fliqht  plan  processing,  mostly  for  general  aviation  operators. 

The  FSS  Modernization  Program,  an  IJG3RU  element,  is  aimed  at  eliminating  the 
inefficiencies  inherently  present  in  the  obsolete  comnunications  systems  pres- 
ently used,  in  the  manpower- in tens ive  nature  of  the  flight  service  task,  and 
in  the  widely  decentral ized  nature  of  the  present  Flight  Service  System.  The 
solutions  proposed  include  participation  in  the  development  of  a new  communica- 
tions system  ( INACS- Integrated  National  Airspace  Communications  System),  de- 
velopment of  an  automated  weather  processing  and  flight  plan  filing  capability, 
and  centralization  of  FSS  facilities  into  a few  hubs.  This  section  shall  de- 
scribe present  FSS  functions  and  methods,  the  planned  improvements,  the  inte- 
gration of  RNAV  into  FSS  procedures,  and  the  impacts  of  RNAV  on  FSS  capabilities 
and  functions.  Finally,  a further  optional  function  of  FSS  to  aid  RNAV  users, 
by  providing  flight  planning  assistance,  is  briefly  discussed. 

FSS  Functions  --  The  Flight  Service  Station  currently  provides  the  following 
thirteen  functions: 


- Pilot  Weather  Briefings 
Emergency  Flight  Assistance 
IFR  Flight  Plan  Filing 

- NOTAM  Processing 

- ATC  Communications  Relay 

- Processing  of  PIREPS 

- NAVA  ID  Monitoring 

- Enroute  VFR  Communications 

- VFR  FI ight  Plan  Fi 1 ing 

- Airport  Advisory  Service 
Administration  of  Airman  Exams 
Surface  Weather  Observations 

- Military  Flight  Services 

In  one  of  the  original  studies  aimed  at  modernizing  the  FSS  system  [16],  it  was 
recommended  that  the  last  five  items  on  the  list  be  eliminated  or  transferred 
from  the  purview  of  the  night  Service  Stations.  Since  that  time,  however,  it 
has  been  decided  to  retain  VFR  flight  plans,  and  no  decision  has  been  made  on 
airport  advisory  service.  Administration  of  airman  exams  will  definitely  be 
transferred,  and  weather  observations  will  be  transferred,  automated  or  con- 
tracted out.  Military  usage  of  remote  terminals  accessing  the  nearest  FSS  hub 
will  eliminate  direct  contact  with  FSS  personnel  for  the  most  part. 


FSS  Faci 1 i ties  --  Current  facilities  include  teletype  communication  nets  (sep- 
arate for  weather  data  and  for  ATC  facilities  flight  plan  data  interchange),  and 
certain  voice  links.  The  system  is  comprised  of  292  individual  flight  service 
stations.  Weather  briefing  procedures  consist  of  manual  compilation  and  filtering 
of  tabluated  and  graphic  material  to  obtain  data  oriented  towards  a given  in- 
tended route  of  flight.  Flight  plans  are  recorded  manually  and  communicated  by 
teletype  to  the  affected  center,  TRACON  or  FSS.  Weather  data  is  observed  and 
recorded  manually  and  communicated  by  teletype. 
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2.2.2  Modernized  Flight  Service  Station  System 

As  currently  planned,  the  Flight  Service  Station  Modernization  Program  [24] 
will  consist  of  three  distinct  phases.  The  automated  system  will  be  completed 
in  the  second  phase  (Baseline  system),  whereas  the  improvements  scheduled  for 
the  third  phase  will  be  required  before  the  total  desired  improvement  in 
efficiency  is  fully  achieved. 

Near  Term  Improvements  --  These  improvements  are  to  be  initiated  immediately 
and  will  serve  to  improve  both  level  of  service  and  efficiency.  Improvement 
areas  include  (where  needed)  physical  plant  improvements,  more  modern  display 
equipment,  increased  Pilot  Automatic  Telephone  Weather  Answering  Service  (PATWAS) 
and  Transcribed  Weather  Broadcast  (1W1B)  availability  and  coverage,  Enroute 
Flight  Advisory  Service  (EFAS)  implementation,  and  certain  staff  relocations. 

Baseline  System  --  This  intermediate  term  (1980-85)  phase  will  include  develop- 
ment and  implementation  of  the  automated  capability  for  aiding  the  Flight  Service 
Specialist,  and  preparations  in  anticipation  of  consolidation.  Certain  Flight 
Service  Stations  will  be  consolidated  into  the  FSS  hubs  as  the  hubs  reduce  de- 
mand on  those  stations. 

Enhanced  System  --  This  lonq  term  enhancement,  to  be  initiated  in  1983,  will 
result  in  the  complete  consolidation  of  FSS  activity  into  the  twenty  hub  stations. 

Expanded  automated  capabi 1 i t ies , including  automated  user  initiated  weather 
briefings  and  flight  plan  entry,  will  be  implemented. 

2.2.3  Impact  of  RNAV  on  FSS  Modernization  Plans 

Nine  basic  functional  areas  of  the  1 SS  were  organized  from  the  thirteen 
areas  listed  above  in  a manner  such  as  to  improve  the  visibility  of  RNAV  impact. 

Primarily,  the  usage  of  charted  RNAV  routes  was  presumed  and  served  as  the  focus 
of  the  analyses.  However,  the  preplanned  direct  concept  was  also  considered. 

Any  areas  where  preplanned  direct  could  have  a significant  impact  were  so  iden- 
tified and  analyzed.  The  results  summarized  here  are  discussed  in  detail  in 
Appendix  B. 

Surface  Weather  Observations  and  Airport  Advisory  Service  --  No  impact,  in  that 
observations  are  not  conducted  on  a route-specific  basis,  and  that  airport  ad- 
visories concern  only  ai rport-oriented  weather  and  operations  data. 

NAVA1D  Mon i tori ncp  and  PIREP  Processing  --  The  only  impact  would  be  that  there 
will  be  more  routes  for  which  flight  check  and  PIREP  data  must  be  correlated 
and  distributed.  With  regard  to  preplanned  direct  RNAV,  PIREPs  will  no  longer 
be  charted-route-oriented , but  will  be  geographic-area-oriented . requiring  a 
slightly  different  approach  to  PIREP  processing. 

Mass  Pre-and  In-FI iqht  We at her/ NOT  AM  Briefings  --  No  impact,  in  that  the 
material  is  oriented  to  general  areas  (NOTAMs  may  apply  to  specific  routes, 
which  could  be  either  RNAV  or  conventional;  but  in  terms  of  impact  on  FSS 
plans,  this  is  ir.signi f icant) . 

!• 
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I ruli vjdual_Pre-  ariil  In-f  light.  Briefings  --  If  current  automated  (AWANS  system) 
procedures  are  continued,  no  impact  exists  since  weather  data  organization  is 
accomplished  with  respect  to  the  origin-destination  great  circle  path,  not  a 
specific  route.  Should  route-specific  data  organization  become  implemented, 

RNAV  does  increase  the  number  of  potential  routes. 

I1R/DVFR  Flight  Plan  Processing  RNAV  and  conventional  route  tiling  formats 
are  sufficiently  similar  such  that  no  significant  impact  on  flight  plan  pro- 
cessors would  occur,  except  that  the  increased  number  of  routes  available, 
which  must  be  stored  to  accomplish  data  validity  checking,  could  have  an  impact 
on  system  complexity.  For  preplanned  direct  RNAV  using  published  waypoints, 
no  further  impact  occurs.  If  arbitrary  waypoints  were  to  be  used,  only  gross 
error  checking  would  be  required. 

VTR  Flight.  Plan  Processing  --  Since  VI  R flight  plan  routes  need  not  be 
validity-checked,  no  RNAV  impact  is  foreseen. 

Emergency  Flight  Assistance  --  Other  thin  that  FSS  personnel  should  be  familiar 
with  RNAV  procedures,  there  is  no  significant  impact. 

AFC  Conmuni cat  ions  Relay  --  Other  than,  again,  requiring  RNAV  familiarity,  no 
RNAV  effect  is  foreseen. 

Airman  Examinations  --  FSS  will  discontinue  administration  of  airman  examin- 
ations. 

?.?.4  Opt i ona  1 Prov i s i on  of  Might  Planning  Assistance 

While  flight  planning  assistance  could  be  provided  to  all  categories  of 
users,  this  discussion  j«-  limited  to  the  RNAV  preplanned  direct  case,  since 
flight  planning  assistance  needs  are  considerably  larger  in  that  case.  As 
discussed  in  detail  in  Appendix  B,  many  items  of  information  are  needed  in 
order  to  file  a flight  plan: 

Minimum  Altitudes  (MOCA,  MRA) 

Waypoint  Locations 

VORTAC  Assignments  and  Changeover  Points 

Determination  of  Signal  Coverage  Adequacy  (strength,  accuracy) 
Restricted  Area  Avoidance 

When  planning  an  arbitrary  route,  a pilot  presently  has  no  suitable  guides  as 
to  guaranteeing  adequacy  of  signal  coverage  and  minimum  reception  altitudes, 
although,  presumably,  a special  series  of  signal  coverage  charts  ould  be  produced. 
The  other  items  of  information  are  obtainable  from  e\i  ting  charts  and  through 
standard  graphic  or  computational  procedures,  ultimo  i the  entire  process  is  quite 
complex  and  time  consuming.  While*  automation  of  these  procedures  by  the  1 SS 
would  not  be  a straightforward  or  easy  task  (particularly  the  signal  coverage 
problem),  such  a capability  could  be*  a significant  service*  to  GA  operators,  and 
may  open  the  way  to  significant  improvements  in  flight  etticiency  and  fuel 
savings.  Therefore,  it  was  considered  desirable  to  mention  this  subject  even 
though  it  is  not  presently  a planned  t SS  improvement. 


Q 


2.  3 UPGRADED  ATC  AUTOMATION 


?.3.1  Impact,  of  RNAV  on  Motor i ny  and  Spacing 

Tho  intent  of  this  analysis  is  to  evaluate  present  plans  for  developing 
and  implementing  Metering  and  Spacing  (MAS)  capability  in  tho  context  of  an 
RNAV,  or  RNAV- transi t ion , environment.  In  addition,  the  specific  impact  of 
40  RNAV  procedures  in  excess  of  that  of  basic  RNAV  is  to  be  determined.  Tho 
impact  areas  to  be  addressed  include  effects  on  procedures  (airspace  and  general 
route  layouts),  performance  (degree  of  time  control  afforded,  arrival  gate  de- 
livery accuracy),  controller  workload,  and  ARTS  computer  requirements.  This 
study  utilizes  as  its  basis  a recent  report  which  defines  in  detail  an  MAS 
system  implementation  for  the  Denver  terminal  area  (Reference  30). 

The  primary  motivation  behind  the  implementation  of  MAS  systems  is  to 
increase  airport  capacity  without  requiring  new  runway  construction,  and  without 
requiring  new  aircraft  landing  systems,  guidance  techniques,  surveillance  systems 
or  wake  vortex  avoidance  systems.  I.ven  as  other  systems  are  developed  which 
improve  airport  capacity,  MAS  capabilities  will  still  be  required  to  take  full 
advantage  of  the  available  runway  capacity  potential  of  these  other  systems. 

The  effects  which  RNAV  and  40  procedures  will  have  on  MAS  performance  is  there- 
fore the  most  important  subject  to  be  addressed.  Ibis  section  summarizes  the 
methodology  and  results  presented  in  the  detailed  analysis  contained  in  Appendix 
C. 

Present  MAS  Plan  --  Metering  and  Spacing  techniques  have  been  under  development 
by  the' FA’A" Vince  the  late  1960's.  Metering  and  Spacing  schemes  operate  by  first 
metering  traffic  into  the  terminal  area  such  that  the  arrival  rate  equals  runway 
capacity,  considering  that  departures  must  be  accommodated.  Metering  is  accom- 
plished through  scheduling  of  holding  pattern  departures.  Once  the  arrival  air- 
craft depart  the  arrival  fix,  a landing/departure  schedule  is  established  which 
considers  the  arrivals  and  requested  departures.  Trom  that  point  the  spacing 
function  takes  over,  unless  some  event  occurs  to  cause  the  schedule  to  be  adjusted. 
The  spacing  function  is  a« compl i shed  through  path  length  and  speed  control.  The 
basic  time  control  technique  is  to  provide  airspace  and  route  flexibility  for 
two  time  control  areas.  The  first  area  offers  a large  degree  of  control  ('300 
seconds)  which  is  used  for  correcting  the  projected  final  approach  gate  arrival 
time  to  meet  the  scheduled  arrival  time.  The  second  time  control  area  provides  a 
limited  degree  of  control,  and  is  used  for  correcting  time  delivery  errors  which 
build  up  while  traversing  the  first  control  area,  and  for  accommodat ing  any  minor 
last  minute  changes  to  the  scheduled  gate  arrival  time.  The  most  recent  plans 
[30]  utilize  such  a scheme.  It.  is  designed  in  a manner  such  that  a minimal  amount 
of  airspace  is  required  (see  Figure  C.l)  for  the  path  stretching  function. 

RNAV  Integration  Considerations  --  The  concept  of  a common  MAS  system  where  both 
RNAV  and  conventional  aircraft  would  be  accommodated  has  been  studied  in  the  past 
(References  35,36).  The  latest  plan  [30],  for  the  Denver  area,  does  not  explicitly 
consider  RNAV  traffic.  The  techniques  of  References  36  and  36  have  been  reviewed 
and  modified  to  produce  a technique  which  is  directly  applicable  to  the  Denver 
MAS  plan.  A set  of  ground  rules  for  developing  RNAV  procedures  has  been  established 
which  recognizes  the  airspace  design,  ATC  control,  and  RNAV  procedural  problems 
which  bear  on  this  issue: 
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The  baste  MAN  routes  and  geometry  used  with  RNAV  should  be 
in  common  with  standard  MAN  routes,  such  that,  airspace  is 
conserved  and  video  map  clutter  is  reduced. 

The  control  capability  (time  controllability  and  gate  de- 
livery accuracy)  of  RNAV  aircraft  should  be  equivalent  to 
or  better  than  the  standard  capability. 

RNAV  procedures  used  should  be  convenient  to  both  the  flight 
crew  and  controller. 

It  should  not  be  routinely  required  for  the  controller  to 
communicate  extensive  data,  such  as  waypoint  coordinates. 

These  ground  rules  impose  constraints  on  the  resulting  RNAV  procedure  design. 

This  raises  the  question  of  whether  it  is  worth  while  to  integrate  RNAV  operations 
within  the  MAS  technique.  The  answer  is  that  there  are  several  advantages  to 
be  realized  tor  both  the  flight  crew  and  the  A1C  system.  First  ot  all,  RNAV 
terminal  procedures  have  been  shown  to  be  both  efficient  and  convenient,  in 
comparison  to  standard  procedures,  in  analytical  studies  [8]  and  in  a recent 
real-time  simulation  study  [37]  (see  discussion  of  RNAV  benefits  in  Section 
1.3).  Secondly,  RNAV  MSS  would  be  accomplished  through  the  use  of  published 
RNAV  MSS  STAR  procedures  (see  example,  figure  C.3).  lhis  provides  the  distinct 
advantage  of  maintaining  flight  crew  orientation  and  self  navigation  capability 
throughout  the  procedure.  Third,  reductions  in  controller  workload  would  be 
expected  to  result,  as  is  discussed  later.  Fourth,  and  perhaps  most  important, 
RNAV  routes  and  procedures  must  be  established  before  the  40  RNAV  time  control 
capability  may  be  implemented.  40  RNAV  is  expected  to  further  increase  runway 
capacity  (and  reduce  delays)  through  accurate  control  of  arrival  tuning. 

Each  of  the  above  RNAV  design  ground  rules,  and  the  resulting  RNAV  MSS  plan, 
are  discussed  in  detail  in  Appendix  C.  The  plan  which  resulted  is  shown  in  Figure 
C.3.  It.  is  based  on  usage  of  a published  MAS  STAR  procedure  (Figure  C.3)  as  the 
source  ot  navigation  information  and  waypoint  coordinates  data.  All  route  legs 
are  flown  in  the  "TO  Waypoint"  mode;  no  "FROM"  operations  are  allowed,  in  order 
to  be  compatible  with  airline-type  RNAV  systems.  No  impromptu  (not  shown  on 
chart ) waypoints  are  used.  While  the  RNAV  procedure  could  be  based  on  the 
"Di rect-To-Waypoint"  RNAV  procedure,  a modification  of  that  procedure,  whereby  the 
inbound  track  bearing  is  specified  by  the  controller,  was  selected  in  order  to 
reduce  control ler  work  load  (discussed  later),  the  resulting  routings  duplicate 
virtually  exactly  the  paths  which  radar  vectored  aircraft  would  follow. 

Comparative  Performance  Analysis  --  A comparison  of  the  perform..  . meaning 
overall  time  control labi 1 i ty  and  gate  del i very  accuracy,  of  the  ba-  . radar  vector 
technique  with  both  the  standard  RNAV  technique  and  the  411  RNAV  technique  has  been 
performed,  and  is  documented  in  detail  in  Appendix  C.  In  each  case,  gate  delivery 
error  has  been  determined  to  the  2e  probability  level  (95.44’,  confidence).  Also, 

1 1 *io  control  labi  lity , the  difference  between  the  maximum  and  minimum  time  paths, 
has  been  established  as  that  amount  of  controllability  which  would  be  available 
at  least  95.444.  of  the  time,  resulting  in  an  equivalent  confidence  level. 
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The  values  for  system  errors  for  the  rase  of  radar  vector  control  (wind 
forecast  error,  heading  and  speed  control  errors,  surveillance  system  error,  etc.) 
are  taken  from  the  recent  Denver  MAS  analysis.  Reference  .10.  The  values  selected 
are,  of  course,  very  important  since  they  affect  both  2o  qate  delivery  accuracy 
and  95.44  confidence  time  controllability.  The  values  for  RNAV  system  errors 
were  taken  f^om  the  results  of  a recent  comprehensive  RNAV  fliqht  test  proqram 
[31].  All  of  the  error  component  values  are  listed  in  Appendix  C.  In  that 
fliqht  test  proqram  a st ation-referem  ed  qeneral  aviation  RNAV  system  and  an  air 
carrier  system  were  tested.  The  air  carrier  system  was  tested  in  two  modes:  VOR/ 
DML/Air  Data  navigation,  wti  i v h is  the  method  expected  to  be  typical  of  airline- 
type  systems  (meets  the  ARINC  583  Characteristic  speci t icat ions)  and  dual  VOR/ 
dual  DMl/Air  Data  naviqation,  which  is  representative  of  even  more  advanced 
systems.  Inertial  naviqation  was  not  tested.  Each  of  the  systems  performed 
siqnificantly  better  than  the  minimum  requirements  for  terminal  area  RNAV  perfor- 
mance stated  in  I AA  Advisory  Circular  90-45A  (Reference  10).  As  would  be  expected, 
air  carrier  system  performance  was  much  better  than  qeneral  aviation  system  per- 
formance, and  the  mul tiple-VOR/DME  system  was  best  of  all.  These  results  are 
discussed  in  Appendix  C.  Since  nearly  all  busy  period  operations  at  the  critical 
MAt>  terminals  will  be  air  carrier/corporate  type  aircraft,  the  ARINC  583  fyP° 
system  results  were  used  as  representative  of  RNAV  performance  for  MAS  purposes. 

The  multisensor  (multiple  VOR/DME)  system  was  considered  to  be  representative  of 
advanced,  4D  RNAV  systems.  It  is  important  to  the  purposes  of  the  MAS  analysis 
to  make  a distinction  between  typical  expected  performance  and  minimum  allowable 
(AC  90-45A)  performance.  Route  widths  must  be  based  on  minimum  system  performance. 
The  analysis  of  typical  expected  MAS  performance  can,  however,  be  based  upon 
typical  system  performance,  as  established  by  fliqht  test. 

The  results  of  the  performance  analyses,  described  in  Appendix  C in  detail, 
are  summarized  in  Tables  I’. 5 and  3.8.  Table  3.5  shows  the  95.44’  confidence  level 
results  for  the  three  techniques  based  on  the  use  of  identical  route  qeometry. 

In  each  case  the  controllability  obtained  is  significantly  greater  than  that  de- 
rived in  Reference  30.  This  is  simply  a result  of  the  fact  that  the  geometry 
selected  here  allows  longer  path  lengths  than  in  [30],  but  could  be  cut  down  to 
match  that  design.  The  significant  result  in  Table  3.5  is  that  RNAV  provides  a 
6 increase,  and  40  RNAV  a 20T  increase,  in  controllability  over  the  same  route 
geometry.  This  results  since  the  cross  track  accuracy  of  RNAV  (and  particularly 
the  4D  system)  is  much  better  over  long  legs  than  radar  vector  accuracy . Only 
on  the  very  short  legs  is  the  radar  vector  technique  more  accurate.  Furthermore, 
the  along  track  control  accuracy  of  the  40  RNAV  system  is  much  greater  than  the 
open-loop  case,  further  enhancing  controllability. 

Table  2.5  MAS  Controllability  (95.44  confidence' 


Region 

Radar  Vector  MAS 

MAS  ♦ RNAV 

MAS  * 40  RNAV  i 

Downwind/Base  Leg 

Final  Approach  Intercept 

270.7  sec 
?7.7  sec 

293.5  sec 
33.7  sec 

312.2  sec 

47.8  sec 

Ove ra  1 1 

298.4  sec 
(5.0  min) 

317.2  sec 
(5.3  min) 

359.8  sec 
(6.0  min) 

The  other  performance  measure,  gale  delivery  aciuracy.  is  posted  in  Table 
2.6.  For  each  of  the  three  systems,  (lie  gate  delivery  analysis  was  performed 
over  the  longest  and  shortest  leg  lengths,  result  inn  in  the  two  numbers  listed 
in  each  column  in  the  row  labeled  "(late  Delivery  Error".  In  the  standard  MAS 
case  they  are  equal.  In  the  RNAV  MX',  case,  the  long  leq  value  is  virtually 
the  same,  while  the  short  leq  value  is  1.4  sec  longer.  It  should  be  emphasized 
that  this  larger  value  occurs  only  at  the  extreme,  the  very  shortest  leq.  On 
all  legs  in  between,  the  delivery  error  is  similar  to  that  of  the  longest  leg. 

The  delivery  error  of  the  shortest  leg  can  be  reduced  by  substituting  one  radar 
vector  for  one  RNAV  command,  but  in  operational  usage  this  occasional  minor 
perturbation  would  probably  be  ignored.  Thus,  RNAV  MAS  gate  delivery  performance 
is  equivalent  to  radar  vector  performance.  The  4D  system  shows  a distinct 
improvement,  however,  of  33*.  The  reduction  to  7. 2/7. 4 sec  from  10.8  sec  results 
directly  from  the  time  control  capability,  and  would  be  expected  over  all  of  the 
various  intermediate  length  legs.  This  improved  performance  with  4D  does  not 
depend  upon  the  usage  of  the  highly  accurate  DABS  surveillance  system.  ATCRBS 
is  sufficiently  accurate  (at  short  ranges)  so  as  to  allow  desired  4D  MAS  system 
performance. 


Table  2.6  MAS  Gate  Delivery  Accuracy 


■ 


i 


In  order  to  compare  these  results  with  earlier  MAS  performance  analyses, 

values  for  In  interarrival  spacing  are  derived  from  the  delivery  error  data, 

and  listed  in  Table  2.b.  Reference  82,  an  analytical  study,  derives  interarrival 
error  values  of  11  sec  for  MAS  and  b sec  for  40  MAS.  Reference  30,  the  Denver 
design  study,  lists  8 sec  as  the  MAS  target.  Reference  33,  a cockpit  simulation 
study,  obtained  a 40  RNAV  performance  of  S.4  seconds.  As  is  shown  in  Table  2.6, 
the  8 and  5 second  values,  respectively,  are  substantiated  by  the  present  analysis. 

Control  ler  Workload  Implications  --  Analysis  of  the  MAS  procedure  in  Appendix  C 

shows  that  a total  of  five  ATC  control  instructions  are  required  io  perform  the 

MAS  procedure.  This  is  true  also  with  the  RNAV  version  of  the  procedure.  The 
difference  is  that  each  command  in  the  radar  vector  case  is  time-critical,  in 
that  it  must  be  delivered  to  the  aircraft  at  exactly  the  right  time  so  that  the 
maneuver  is  performed  at  the  proper  time.  In  the  RNAV  case,  if  the  technique  of 
specifying  the  inbound  track  bearing  to  the  objective  waypoint  (rather  than 
simply  the  "direct-to"  instruction)  is  used,  all  but  one  of  the  five  control 
commands  is  no  longer  time-critical . It  may  be  issued  several  seconds  ahead  of 
the  intended  turn  time  at  the  controller's  convenience.  This  relieves  a con- 
siderable burden  from  the  controller  by  simplifying  his  task  of  organizing 
himself  anil  his  communications.  The  one  remaining  time-critical  message  is  the 
speed  reduction  as  the  aircraft  approaches  the  gate. 


Radar  Vector  MAS 

MAS  * RNAV 

MAS  ^ 40  RNAV  1 

Control  Lxtreme: 

Long 

Short 

Long  Short 

Long  Short  1 

Gate  Delivery 
Crror  (2<i) 

10.8  sec  10.8  sec 

10.9  sec  12.2  or  10.8*  sec 

7.2  sec  7.4  sec  j 

Interarri val 

Spacing  (To) 

7 .6  sec 

7.6  sec 

7.7  sec  8.6  or  7.6*  sec 

5.1  sec  5.2  sec] 

E a r 1 i e r 

Analysis  (In) 

11  or  8 sec 

1 1 or  8 sec 

5 sec 

♦Smaller  value  presumes  use  of  one  radar  vector  command  for  final 
approach  intercept. 


In  the  41)  RNAV  case,  workload  is  diminished  further  in  that  not  only  are 
the  original  four  messages  not  time-critical,  hut  the  fifth,  thp  speed  reduction, 
is  eliminated  with  4D.  Tending  to  work  against  those  workloading  reductions  is 
the  fact  that  more  information  (waypoint  name  with  RNAV;  arrival  time  — but  not 
speed  --  with  4D)  is  transmitted  in  each  message.  However,  these  factors  are 
expected  to  be  outweighed  by  the  basic  improvement  resulting  from  RNAV.  The  use 
of  40  also  implies  air-ground  time  synchroni zation  which  could  be  performed  auto- 
matically with  DABS.  Even  without  DABS,  this  does  not  increase  workload  at 
critical  times,  since  the  synchroni zation  may  be  accomplished  at  any  point  during, 
or  before,  the  flight. 

Computer  Requirements  Effects  --  The  RNAV  procedures  described  here  are  similar 
enough  to  those  used  in  Reference  34  to  consider  the  findings  of  that  study  to 
remain  valid.  It  was  found  in  that  study  that  a very  nominal  increase  of  450 
words  (in  addition  to  the  16,000  required  for  basic  M&S)  is  needed  to  accommodate 
RNAV.  There  was  found  to  be  no  execution  time  impact.  No  similar  analysis  ex- 
ists concerning  4D  RNAV  usage.  Since  the  4D  concept  is  just  a simple  extension 
of  the  basic  RNAV  concept  (waypoint  arrival  times  would  be  assigned  internal  to 
the  basic  RNAV  system  anyway),  the  resulting  impact  would  be  very  small. 

2.3.2  Impact  of  RNAV  on  Control  Message  Automation 

The  objective  of  this  analysis  is  to  determine  what,  if  any,  impact  RNAV 
will  cause  in  terms  of  Control  Message  Automation  (CMA)  system  complexity,  and 
resulting  computer  core  requirements,  execution  time,  and  DABS  data  link  channel 
usage.  The  CMA  feature  is  very  important  from  the  point  of  view  of  ATC  efficiency, 
since  it  is  expected  to  significantly  enhance  controller  productivity  and,  there- 
fore, reduce  ATC  staffing  costs. 

CMA  system  capabilities  are  planned  for  several  future  uses: 

• Automatic  generation  and  delivery  of  Conflict  Prediction 
and  Conflict  Alert  system  commands 

• Automating  the  routine  control  communications  required 
for  Metering  & Spacing 

• Generation  and  delivery  of  routine  control  messages  (speed 
and  altitude  changes,  clearances,  etc.) 

Eventually,  the  majority  of  routine  ATC  communications  are  to  be  automated. 

CMA  Functional  Breakdown  --  The  Control  Message  Automation  system  can  be  thought 
of  as  consisting  of  six  functional  elements 

• Automated  Monitoring  --  Aircraft  tracking,  including,  for  some 
functions,  association  with  the  intended  route  or  path,  such 
that  path  deviations  and  route  progress  are  always  known. 

• Problem  Recognition,  or  Strategy  Development  --  This  function, 
for  example,  would  be  the  conflict  detection  phase  of  Conflict 
Alert,  or  the  arrival  time  calculation  and  path  assignment 
portion  of  M&S. 

• Control  Action  Decision  --  The  actual  decision  to  effect  a 
specific  flight  path  deviation,  or  deliver  a specific  clearance. 
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• Message  Formulation  --  Derivation  of  a specific  message 
(to  the  controller,  or  via  DABS)  appropriate  to  the 
situation. 

• Transmission  and  Verification  --  The  physical  act  ot 
forwarding  a message  to  a control  console  or  to  a DABS 
site,  and  conmuni eating  the  message. 

• Compliance  Monitoring  --  Determination  of  proper  aircraft 
compliance,  and  corrective  action  formulation  where  necessary. 

Of  these  six  elements,  two  could  potentially  be  affected  by  RNAV:  Control  Action 
Decision  and  Message  Formulation.  T he  first  could  be  affected  since  the  presence 
of  an  RNAV  flight  plan  would  change  somewhat  the  planning  strategy,  since  it  is 
desirable  to  keep  an  RNAV  lircraft  on  an  RNAV  flight  plan,  and  since  under  some 
conditions  RNAV  can  provide  more  attractive  conflict  avoidance  maneuvers  than, 
for  example,  the  altitude  reclearance.  The  second  obviously  is  affected  since 
now  more  message  types  must  be  handled. 

RNAV  Impact  Assessment  --  The  impact  on  the  Control  Action  Decision  phase  is 
simply  that  the  logic  will  have  to  be  modified  slightly,  which  will  result  in 
no  significant  change  to  core  reguirement  or  execution  time.  Determining  impact 
tor  the  Message  Formulation  phase  is,  however,  somewhat  more  complex,  as  indicated 
below.  These  considerations  are  discussed  in  more  detail  in  Appendix  C. 

First  of  all,  to  completely  handle  RNAV,  two  or  three  more  message  types 
would  be  required,  which  would  necessitate  additional  complexity.  The  actual 
computations  required  to  generate  the  RNAV  messages  would  be,  however,  no  more 
complex  than  those  required  for  conventional  control.  Since  the  parallel  offset 
maneuver  would  require  on  the  average  fewer  messages  to  complete  than  a similar 
radar  vector  procedure,  message  count  would  decrease.  Therefore,  CMA  used 
for  conflict  resolution  activities  would  require  a small  increase  in  core  memory, 
but  would  result  in  a sliqht  reduction  in  execution  time  requirement.  Concerning 
MAS,  as  discussed  in  Section  2.3.1,  message  frequency  would  be  the  same,  al- 
though only  one  additional  message  type  is  required,  rather  than  two  or  three. 

40  RNAV  reduces  message  rate  but  adds  one  more  message  type.  Concerning  routine 
control  messages  (speed,  altitude,  barometric  setting,  clearance,  etc.),  message 
rate  is  reduced  slightly,  as  shown  in  the  DABS  channel  capacity  analysis  in 
Appendix  A.  Concerning  the  use  of  RNAV  SID/STAR  procedures  (where  MAS  is  not  in 
use)  instead  of  radar  vectors,  message  count  drops  dramatically  since  the  procedure 
is  pre-defined. 

It  appears  that  the  most  significant  RNAV  impact  on  CMA  will  oe  in  development 
of  the  computer  logic.  A small  increase  in  core  requirement  will  result  altnouqh 
the  execution  time  requirement  is  shorter.  All  of  these  effects  are  minor,  par- 
ticularly when  viewed  in  the  context  that  the  two  CMA  functional  elements  affected 
constitute  only  a minor  portion  of  the  entire  CMA  process. 
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The  Central  Flow  Control  (CFC)  concept  is  oriented  towards  minimizing 
airborne  delays  and  preventing  airspace  congestion  through  nationwide  data 
collection,  planning  and  flow  control  on  a day-to-day  basis.  Two  basic 
functions  are  performed  in  a CFC  system:  collection  of  demand  and  capacity 
data  for  major  high-delay  airports  and  forecasting  of  high  delay  situations; 
and  nationwide  coordination  and  control  of  traffic  to  minimize  the  impact  on 
aircraft  operators  and  the  ATC  system. 

Insufficient  terminal  capacity  can  stem  from  chronically  excessive  peak 
demands  or  from  temporary  situations  where  weather  or  other  factors  reduce 
capacity.  Capacity  imbalances  not  only  cause  added  expense  and  inconvenience 
to  the  airspace  users,  but  the  excess  arrival  traffic  can  saturate  available 
holding  airspace  at  the  ARTC  center  involved  and  spill  over  into  adjacent 
centers,  compounding  the  airspace  saturation  problem. 

(’resent  CFC  System  and  Procedures  --  At  present  the  Central  Flow  Control 
facility  is  organized  as  part  of  the  FAA  Systems  Command  Center.  Automated 
facilities  are  used  to  predict  excessive  demand  situations  at  the  major  high- 
delay  airports.  The  primary  demand  data  base  is  the  Official  Airline  Guide 
(OAG),  as  updated  by  airport  reservations  requests.  The  capacity  data  base 
is  updated  by  teletype  reports  from  the  terminals  involved.  Three  specific 
flow  control  procedures  are  used  at  present: 

• Standard  Intercenter  Flow  Control  --  direct  negotiation  between 
centers  to  limit  traffic  influx  bound  for  a saturated  terminal 

• Fuel  Advisory  Departures  --  ground  delay  advisories  furnished  to 
scheduled  departing  operators  for  fuel  conservation  purposes 

• Quota  Flow  Control  --  formalized  procedure  where  each  center  adjacent 
to  the  saturated  center  is  assigned  a specific  traffic  quota,  and 
must  hold  all  other  arrivals. 

These  procedures  are  discussed  further  in  Appendix  C.  Since  the  effectiveness 
of  these  procedures  depends  upon  comprehensive,  timely  and  accurate  information, 
an  advanced  automation  capability  is  scheduled  for  development. 

Planned  n_ow_Control  Improvements  --  The  automated  flow  control  system  which 
is  planned  (see  Appendix  C7  will  utilize  a dedicated  computational  capability. 
This  system  will  have  direct  links  with  the  computers  at  eacn  of  the  twenty 
centers  to  provide  real  time  updates  to  the  OAG  data  base.  Dela>  predictions 
and  flow  control  procedure  decisions  will  be  further  automated  and  improved. 
Dissemination  of  messages  to  involved  ARTCC's  will  be  automated.  Also,  the 
system  will  be  able  to  provide  traffic  demand  data  at  predetermined  key  enroute 
fixes  in  addition  to  the  terminal  data  currently  provided.  The  result  will  be 
a system  which  performs  much  the  same  function  of  the  present  system,  but 
which  will  be  much  more  highly  automated  and  accurate  due  to  the  real  time 
update  capability. 


RNAV  Impact  Assessment  --  RNAV  can  provide  two  capabilities  which  can  be 
oT Te  n eTiTTo  the  UK!  function.  First  of  all,  RNAV  may  be  used  in  some 
cases  to  provide  additional  holding  fixes  at  arbitrary  points,  increasinq 
airspace  capacity  at  the  affected  center,  and  so  reducing  the  amount  of 
CFC  activity  required.  Secondly,  an  RNAV  route  structure  would  provide 
added  options  for  congested  area  avoidance  when  it  is  necessary  to  provide 
alternate  routings  for  conflicting  traffic.  The  flow  control  process,  as 
presently  planned,  is  not  route-oriented;  e.g.  the  origin/destination  pair 
is  of  importance  but  not  the  exact  route  of  flight.  Therefore,  the  presence 
of  an  RNAV  route  structure  does  not  significantly  impact  CFC  in  any  other 

Wd  / . 


2.3.4  RNAV  Impact  on  Other  Automation  Features 

Conflict  Alert  and  Conflict  Prediction  Systems  --  It  has  been  demonstrated 
through  the  use  of  fast- time  "simulations  in  the  enroute  environment  [6]  that 
the  addition  of  an  RNAV  route  structure  tends  to  diminish  the  number  of 
airspace  conflict  situations  which  occur.  This  is  true  such  that,  if  all 
aircraft  operated  on  RNAV  flight  plans,  conflicts  are  reduced.  Also,  during 
the  transition  to  RNAV  operations  there  would  be  fewer  conflict  situations 
due  to  the  larger  number  of  routes  in  use.  In  terminal  airspace,  the  usage 
of  RNAV  SID/STAR  procedures  with  integral  altitude  restrictions  minimizes 
conflict  potential  in  that  environment  also. 

Should  preplanned  direct  RNAV  operating  become  commonplace,  conflict 
count  still  will  not  increase  significantly,  although  the  nature  or  types 
of  conflicts  (crossing,  rather  than  common  route)  will  change. 

RNAV  provides  for  the  controller  added  options  for  dealing  with  conflict 
situations.  These  options,  discussed  in  detail  in  Reference  15,  can  be  used 
both  to  reduce  controller  workload  and  save  on  aircraft  operating  costs.  The 
primary  option,  the  parallel  offset,  does  both.  Since  the  offset  is  self- 
navigated,  controller  monitoring  and  communications  workload  is  reduced.  Being 
more  attractive  to  the  controller,  if  they  are  used  rather  than  altitude  re- 
clearances, fuel  savings  to  the  aircraft  involved  can  result. 

Flicjht  Plan  Confj i_ct  Probe -- Once  a flight  plan  has  been  processed  and  converted 
to  center  coordinates,  there  is  no  distinction  between  an  RNAV  or  conventional 
flight  plan  as  far  as  the  conflict  probe  algorithm  is  involved.  Therefore,  RNAV 
routinqs  have  no  effect  on  the  conflict  probe  system.  This  would  remain  true 
even  if  preplanned  direct  flight  plans  were  to  become  commonplace. 

Minimum  Safe  Altitude  Warning  --  No  RNAV  impact  is  foreseen  in  this  area. 

Control  Sector  Design  --  Improvements  are  planned  to  the  physical  facilities 
furnished  as  a part  of  each  control  sector  console.  The  major  improvement  is 
to  provide  flight  plan  display  capability  such  that  the  manual  flight  data 
controller  position  can  be  eliminated.  While  RNAV  flight  plans  will  affect 
the  specific  information  displayed,  there  will  be  no  effect  on  the  physical 
characteristics  of  the  improvements  themselves. 
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fnroute  Metering  --  Enroute  Metering  is  d function  which  can  be  provided 
as  a part  of  the  Local  flow  Control  (LLC)  process.  Inroute  Metering  is 
the  process  whereby  a low-speed  enroute  transition  segment  is  substituted 
for  unproductive  holding  pattern  time.  This  could  save  a significant 
amount  of  fuel.  RNAV  will  have  no  impact  on  the  Inrouto  Metering  function 
itself.  However,  4D  RNAV  capability  could  be  used  in  conducting  the  delay 
procedure. 
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d.4  MICROWAVI  I AND  I N(i  NYM I M 


?.4.  I Introduction 


1 ho  Murnwavi'  landing  System  (Mts)  development  p»'o«ir«nu  w.is  mot  ivatod 
by  several  dofic.iene  ios  in  the  present  Its  system,  these  del  n teiu  ios  are 
both  operational  and  economic  in  nature,  with  these  two  criteria  interacting 
to  some  extent.  The  basic:  deficiency  of  the  IIS  system  is  that  it  is  a 
continuous  wave  system  opera  tine;  in  the  VIII  / tlltl  frequency  band,  which  means 
that  the  signal  can  be  seriously  disturbed  through  multipath  reflection  effects. 
This  problem  limits  the  appl icabi I i ty  of  IIS  for  providing  Category  11  approaches, 
and  can  prohibit  1LS  implementation  at  many  airports  due  to  extremely  high  site 
preparation  costs.  In  addition,  Its  can  provide  only  one  approach  path, 
whereas  an  operational  need  for  variable  path  and  gradient  procedures  can  be 
demonstrated.  Ihe  result  is  a need  for  the  MIS  program,  whose  objectives  were 
establ 1 shed  as  fol lows : 


• Develop  a new  prec  ision  landing  gu>  latue  system  by  I')//  which 
will  have  increased  performance  compared  with  today's  Kill /VHI  UN 
system  and  will  require  less  costly  and  stringent  requirements 
for  site  preparation  and  installation. 

• Develop  a basic  system  with  the'  capability  ot  increased  per- 
formance through  modular  additions  so  that  the  capability  and 
cost  can  be  tailored  to  satisfy  differing  requirements  of 
various  airports  and  users. 

• Provide  for  curved,  multiple  approaches  so  that  approac h paths 
can  he  selected  for  minimum  noise  impact  on  the  comminute 
consistent  with  aircraft  Might  c har.n  terist  u s.  lhis  improvement 
in  flexibility  ot  the'  service  relates  directly  to  the'  overall  goa  I 
of  improving  performance. 

• Provide  a single  standard  tor  the  signal-in-space  which  will  satisfy 
the  principal  needs  of  the  civil,  military,  and  internat ionul  users. 
Not.  only  would  this  eliminate  the  additional  costs  ot  several  pro- 
liferating systems,  but  it  would  add  to  the  safety  ot  emergency 
operations,  permitting,  for  example',  a precision  approach  of  a 

i i v i 1 aircraft  at  a mi  I 1 1 ary  i ns  t a I l.it  ion . 

• Complete  essential  development  at  a sutfnientU  each  date  to 
ensure  availability  tor  evaluation  by  other  ICAO  members. 


The*  resulting  MLS  system  will  allow  precise'  measurements  of  azimuth,  elevation 
and  range  from  the'  ground  site's.  I xpanded  conf  igurut  ions  will  include  wide  Pea 
proportional  coverage  ('40'')  and  Category  II  and  111  eapabi  1 1 1 les . whun  wil  < 
include  additional  signals  such  as  flare  guidance  and  missed  approac h guidance. 


1 he  RNAV  and  MIS  systems  were  designed  for  two  specific  different  purposes: 
RNAV  for  on route  and  terminal  navigation,  and  MIS  tor  precision  approach  and 
landing.  There  is  a great  deal  of  potential  overlap  between  the'  two  since  the 
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MIS  was  designed  to  provide  a degree  ol  area  coverage  near  the  runway,  which 
is  a function  normally  ascribed  to  Area  Navigation.  Sime  there  is  functional 
ns  well  as  operational  overlap,  and  Mine  there  nnessarily  will  he  an 
kNAV/Ml S transition  point  somewhere,  the  followin')  suhj(>cts  have  been  se  lei  ted 
for  study  in  this  KNAV/Ml S impact  analysis: 

• The  RNAV/MLS  interface  problem 

- Lateral 

- Vertical 

• Route-following  requirements,  and  usage  for  the  execution  of 
noise-abatement  approach  procedures. 

• Cowtional ity  of  airborne  computational  and  display  requirements, 
and  MLS  usage  as  a 40  guidance  sensor. 

• Complementary  RNAV/MLS  functional  capabi 1 1 ties. 

The  results  of  the  analyses  of  these  topics  are  reviewed  in  this  section, 
while  the  detailed  analyses  are  contained  in  Appendix  0. 

2 A .2  The  RNAV/MI S Iransition  Problem 

The  RNAV/MI S transition  problem  relates  to  the  fact  that  while  the  MLS  is 
a highly  precise  system,  the  RNAV  concept  embodies  only  moderately  accurate 
position-finding  techniques  as  the  minimum  required  capability.  Thus,  at  the 
interface  where  MLS  data  is  first  received,  any  RNAV  navigation  errors  will  be 
noted  within  the  MIS  system  and  would  then  be  corrected  through  the  guidance 
loop.  Whether  this  creates  an  operational  problem  or  not  depends  upon  the 
degree  of  RNAV  delivery  error  to  bo  expected,  the  geometry  of  the  routes,  and 
the  approach  taken  to  the  solution  of  the  problem. 

An  analysis  was  made  of  the  relative  location  of  the  nearest  VORTAC  station 
with  respect  to  the  2\  major  airports  in  the  20  high  density  terminal  hubs.  It 
was  found  that  for  at  least  HD  of  these  airports,  the  VORTAC  was  within  10  tun 
of  the  center  of  the  airport.  Referring  to  AC90-4SA  [10]  (see  Table  0.2),  it 
may  be  seen  that  the  maximum  2-  error  existing,  given  a 10  nm  range,  is  a cross- 
track error  of  1.0  nm.  Appendix  0 contains  a more  detailed  analysis  of  the 
effects  of  VORTAC/runway  geometry  on  cross-track  accuracy.  It  should  be 
recognized  that  this  1.0  nm  value  is  an  outer  limit,  most  air  tine  and  corporate- 
type  RNAV  systems  are  expected  to  show  far  better  performance  (see  Table  O.a'. 

Three  possible  procedures  could  be  used  for  correcting  the  \NAV  delivery 
error  and  capturing  the  MLS  track: 

• Utilize  MLS  guidance  to  effect  immediate  capture  of  the  nominal 
track . 

• Utilize  MLS  guidance  to  intercept  the  nominal  track  at  the  next 
turn  point. 
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• Utilize  RNAV  guidance  to  maintain  current  track  to  intercept 
the  next  seqment.  Utilize  MLS  guidance  in  executing  the  turn 
to  the  following  track. 

In  wide-beam  ('40  ) MIS  environments.  Appendix  1)  shows  that  the  first 
technique  is  most  appropriate.  Indeed,  the  present  track  at  the  MIS 
intercept  point  may  be  intercepted  using  standard  control  laws  under  the 
following  minimum  final  approach  leg  length  conditions:  For  a course  with 
a 90"  turn- to-f inal  (or  less),  no  straight  final  approach  leg  segment  is 
required;  for  a course  with  a 180"  turn-to-final , a 3 nm  straight  segment 
would  be  required  (see  figures  0.3,  11.4,  0.S).  As  beam-width  is  reduced, 
these  conditions  change.  In  the  narrow-beam  case  (<20"  or  less),  the  final 
approach  segment  length  required  is  much  longer.  This  is  to  be  expected 
given  use  of  the  first  technique  shown  above  since  it  requires  that  the 
present  track  be  acquired,  which  means  that  the  present  track  segment 
within  coverage  of  MLS  must  be  long  enough  to  be  acquirable.  This  problem 
is  eliminated  if  the  third  technique  above  is  used.  In  that  case  the  error 
on  the  present  leg  is  considered  to  be  of  no  consequence,  while  the  next  leg 
is  intercepted  properly  using  MLS  data.  In  any  case  it  is  not  necessary  to 
use  severe  or  otherwise  unusual  maneuvers  to  acquire  track. 

The  transition  to  MIS  vertical  guidance  is  somewhat  more  involved  than 
the  lateral  case,  and  is  discussed  in  detail  in  the  appendix.  The  causes 
are:  (1)  limitations  on  descent  rate  and  the  prohibition  against  an 
arriving  aircraft  climbing  to  zero-out  an  error;  (?)  the  along-track 
component  of  RNAV  error  at  the*  delivery  point;  and  (3)  differences  between 
the  geometric  altitude  measurements  of  MLS.  and  the  baro-eorrected  altimetry 
used  for  30  RNAV  and  standard  level  segments.  Item  1 simply  affects  system 
logic.  Item  ? presents  a situation  where  the  guidance  computer,  upon  receipt 
of  good  MLS  data,  must  alter  the  descent  gradient  (if  gradient  descent  is  in 
use)  in  order  to  compensate  for  the  delivery  error.  Item  3 is  a thorny 
problem  since,  although  the  MIS  elevation  data  is  more  accurate  than  barometric 
data,  it  is  inconsistent  with  it  due  to  the  effects  of  temperature  deviations 
on  the  height/pressure  profile,  even  when  the  local  barometric  correction  is 
used.  This  barometric  altimetry  error  (amounting  to  v3' 3o)  is  systematic, 
such  that  all  baro  altitude  users  are  affected  equivalently,  causing  an  air- 
craft operating  on  MLS  data  to  be  apparently  in  error  by  comparison.  Several 
solutions  to  this  problem  are  studied  in  Appendix  0.  The  recommended  solution 
is  based  upon  the  fact  that,  using  the  procedures  and  data  from  AC90-4SA  [10] 
and  considering  all  error  sources  .during  level  flight  the  required  vertical 
separation  of  aircraft  in  a mixed  (MLS/baro)  environment  is  less  than  1000ft. 

.it  and  below  4000  ft.  AGl  . Thus, MLS  systems  would  be  designed  to  utilize 
barometric  data  (or  fly  level  segments  based  on  altimetry)  above  4000  ft.,  and 
transition  to  MLS  vertical  guidance  below. 

2.4.3  The  Route  Following  and  Noise  Abatement  Problems 

The  capability  to  navigate  complex  approach  paths,  including  curved  as 
well  as  straight  segments,  in  order  to  fly  over  noise-insensitive  areas  or 
to  avoid  obstacles  has  long  been  a recommended  feature  of  the  Microwave  Landing 
System.  Since  this  capability  implies  that  a wide-beam  MLS  feature  would  be 
provided,  it  is  of  interest  to  determine  under  what  conditions  the  highly 
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precise  wide-beam  coverage  would  be  actually  needed,  and  under  what,  conditions 
RNAV  guidance  could  serve  the  stated  purpose.  Several  examples  of  existing 
VFR  noise  abatement  approach  procedures  which  art'  candidates  for  conversion 
to  IFR  procedures,  given  the  wherewithal!  to  navigate  them,  are  evaluated  in 
the  appendix.  The  first  case  is  the  Potomac  River  Approach  to  Washington 
National  Runway  18.  It  was  found  that  such  a procedure  could  be  duplicated 
under  UR  conditions  using  MIS.  However,  the  prohibited  areas  on  either  side 
of  the  river  are  so  closely  located  to  the  approach  path  that  RNAV  (using  the 
airspace  requirements  of  AC90-4BA  [10])  would  not  be  suitable  for  the  purpose. 

Note  that  the  application  of  curved  segments  to  the  River  Approach  is  not  a 
consideration  here;  RNAV  computers  could  be  programmed  to  fly  curved  segments 
just  as  easily  as  an  MIS  system  could. 

Another  approach  procedure  examined  in  Appendix  0 is  typical  of  the 
situation  at  many  airports  where  prohibited  areas  are  not  a consideration. 

This  procedure,  the  Hudson  River  Visual  Approach  to  La  Guardia  Runway  13, 
utilizes  the  river  as  a noise  abatement  corridor  to  intercept  the  1LS  course 
to  the  runway.  This  is  an  ideal  application  of  RNAV  to  provide  an  IFR  noise 
abatement  capability.  The  RNAV  arrival  route  can  be  designed  with  altitude 
restrictions  which  ensure  obstacle  clearance,  but  which  still  provide  the 
proper  transition  to  the  ILS  glideslope  (see  Figure  D.9). 

In  conclusion,  RNAV  may  be  used  at  a great  many  airports  to  define  noise 
abatement  transitions  to  ILS  courses  for  IFR  use.  The  cases  where  MIS  would 
be  required  instead  are  limited  to  those  unusual  cases  like  Washington  National , 
or  those  cases  where  the  noise  advantage  can  be  gained  only  through  the  use 
of  an  extremely  short  final  approach  segment.  An  outstanding  advantage  of  the 
RNAV  procedures  is  that  they  could  be  implemented  in  the  very  near  future, 
without  waiting  for  MLS  deployment,  since  no  new  ground  instal lations  are  required. 

/.4.4  Functional  Compatibility 

RNAV  and  MLS  systems  share  many  functions  in  common.  First,  and  particu- 
larly for  airline-type  systems,  route  data  storage  is  provided  with  the  RNAV 
system,  and  could  be  applied  to  the  MLS  routings.  Secondly,  each  system  uses 
paths  defined  in  terms  of  waypoints.  The  fact  that  MLS  may  utilize  certain 
paths  defined  as  segments  of  arcs  is  not  part  of  the  standard  RNAV  concept, 
but  certainly  would  not  be  a significant  addition  to  system  complexity.  Both 
types  of  systems  utilize  navigation  sensor  data  in  some  form  to  derive  route 
uroqrev.  and  t ra< k deviation  information.  Both  types  ot  systems  would  be 
ntiit.ned  to  standard  t I ight  instruments  and  autopilots 

T tie  two  significant  differences  between  RNAV  ;as  conventional 1\  conceived 
of)  and  MIS  are  (I)  that  an  MIS  sensor  is  employed,  and  (2)  that  conventional 
flight,  instruments  may  not  be  suitable  for  operations  along  curved  route 
segments.  This  display  problem  is  discussed  in  detail  in  Appendix  D.  Basically, 
the  problem  is  that  conventional  instruments  do  not  provide  the  anticipation 
necessary  to  correctly  follow  a curved  path.  Therefore  some  new  type  of  instru- 
ment, such  as  an  electronic  Horizontal  Situation  Indicator,  may  be  required. 
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In  order  for  an  RNAV  computer  to  serve  as  an  MIS  computer  as  well,  it 
should  be  confiqured  to  accept  MIS  sensor  inputs  and  perform  the  necessary 
RNAV/MLS  interface  functions.  Additionally,  it  must  of  course  provide  what- 
ever MLS  functions  are  appropriate  to  the  category  landings  being  conducted, 
such  as  flare  guidance  etc.  Considerable  cost  savings  can  result  from  taking 
advantage  of  RNAV/MLS  equipment  comnonal i ty. 

In  a 41)  Metering  and  Spacing  environment  it  may  be  desirable  to  utilize 
the  MLS  data  from  a time  control  point  of  view  as  well  as  vertical  and  lateral 
control.  As  a result,  even  higher  time  control  accuracies,  and  therefore 
higher  airport  capacities,  should  be  achieved. 

2.4.5  Complementary  Capabilities 

In  addition  to  the  areas  indicated  above  where  RNAV  can  complement  MIS 
capabi 1 i ties , two  areas  remain  where  RNAV  may  supplement  the  capabilities  ot 
the  less  complex  MIS  instal lations.  first  of  all,  certain  community  airport 
applications  of  MIS  will  provide  only  azimuth  and  elevation  coverage,  but  not 
range.  Where  this  would  be  beneficial,  RNAV  capabilities  could  be  used  to 
provide  range- to- touchdown  data.  The  other  application  concerns  Cat  1 and 
Cat  I / I l instal lations  where  no  back  azimuth  signal  is  provided  for  missed 
approach  guidance.  RNAV  capabilities  could  easily  fulfill  that  role,  where 
such  guidance  is  needed. 

2.5  AIRPORT  SURFACE  TRAFFIC  CONTROI 

No  interaction  is  expected  to  exist  between  RNAV  and  ASTC.  At  present, 
no  plan  exists  for  development  of  an  autonomous,  area -coverage,  ground  navigation 
system.  The  closest  projected  capability  is  the  usage  of  MLS  roll-out  guidance, 
although  this  would  be  specific  path  guidance  and  not  intended  for  area  coverage 
purposes. 

2.6  WAKE  VORTrX  AVOIOANCr  SYSTI M 

The  WVAS  will  consist,  of  various  types  of  sensors  which  shall  either  detect 
conditions  which  are  conducive  to  development  of  a vortex  threat,  or  shall  detect 
and  track  vortices  directly.  There  is  no  direct  interaction  between  the  WVAS 
and  RNAV  capabilities.  However,  RNAV  should  be  very  useful  as  a control  tool 
for  providing  increased  separations  required  when  vortex  conditions  are  detected. 

Appendix  E evaluates  the  application  of  RNAV  techniques  to  vortex  avoidance. 
In  summary  it  was  found  that  the  delay  fan  procedure  is  appropriate  for 
separating  aircraft  while  the  trailing  aircraft  is  not  yet  on  the  same  path  as 
the  vortex-generating  aircraft,  while  the  parallel  offset  maneuver  is  appropriate 
when  the  two  aircraft  are  on  a common  path.  In  both  cases,  the  control  procedure 
tends  to  guide  the  trailing  aircraft  away  from  the  threat  as  well  as  increasing 
final  approach  in-trail  separation. 
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UG3RD  SYSTEM  IMPIIMINTAIION  CONSIDERATIONS 
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3.1  LIMITATIONS  Or  THE  THIRD  GENERATION  ATC  SYSTEM 

The  Third  Generation  ATC  System  was  developed  in  the  1960's  as  the  beginning 
of  an  evolutionary  development  process  by  which  the  level  of  service  provided 
by  the  ATC  system  would  be  improved,  and  where  the  growth  in  routine  manpower 
costs  could  eventually  be  reduced.  It  should  be  understood  that  the  3RD  system 
was  intended  to  be  a baseline  level  of  automation  which  in  itself  would  not 
dramatically  improve  service  or  reduce  staffing  costs,  but  which  was  necessary 
before  those  improvements  which  would  do  so  could  be  implemented.  The  automated 
facilities  which  were  developed  are  summarized  in  the  following. 

3.1.1  Capabi 1 i ties  of  the  Third  Gene ra tion  ATC  System 

Enroute  Automation  (NAS  Stage  A Model  3d)  --  Those  features  which  have  been,  or 
which  will  imminently  be,  implemented  are  as  follows: 

• ATCRBS  beacon  and  primary  radar  tracking 

• Automatic  interfacility  and  intersector  handoffs 

• Digital  display  of  flight  information  data 

• Automatic  flight  plan  processing,  updating  and  forwarding 

• Automatic  fix-time  updating 

• Fail-safe  features 

Terminal  Automation  (ARTS  III)  --  The  following  features  have  been,  or  shall 
shortly  be,  implemented: 

• ATCRBS  beacon  and  primary  radar  tracking 

• Automated  interfacility  handoffs 

• Semi-automatic  position  handoffs 

• Digital  Display  of  flight  information  data 

In  addition,  the  following  enhancements  are  under  development: 

• Fail-soft  and  fail-safe  features 

• Continuous  data  recording 

• Multi-sensor  capability 

• Metering  and  Spacing 

• Conflict  prediction 

Terminal  Automation  (ARTS  II)  --  The  following  features  are  a part  of  the  ARTS 
II  system  (presently  under  contract): 

• ATCRBS  beacon  decoding,  with  altitude 

• Digital  Display  of  beacon  data 

• Automated  aides  for  data  reception  and  forwarding 

ATC  System  Command  Center  --  Several  new  supervisory  functions  have  been  created 
and  integrated  in  one  office.  Automated  aids  have  been  developed  to  assist  in 
their  operation: 
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• Central  flow  Control  futility  (CCCf) 

• Central  Altitude  Reservation  facility  (CAR!) 

• Airport  Reservation  Office  (ARO) 

The  above  Third  Generation  capabilities  are  in  addition  to  the  continuing 
improvements  being  made  to  the  ATCRBS  net,  the  air/ground  and  inter-facility 
communications  net,  the  navigation  system,  the  ILS  system  and  the  Flight  Service 
system. 


3.1.?  Third  Generation  System  limitations 

While  the  existing  system  services  air  traffic  to  an  adequate  extent  for 
the  most  part,  increasing  traffic  (both  transport  and  GA),  increasing  ATC  staffing 
costs,  high  delays  and  continuing  accidents  prompt  t he  development  of  enhance- 
ments to  the  3RD  system.  These  take  the  form  of  Upgraded  Third  Generation  System 
improvements,  and  will  eventually  culminate  in  the'  Advanced  Air  Traffic  Manage- 
ment System.  The  major  Third  Generation  System  problems  are  as  follows,  as  de- 
scribed in  Reference  s? . 

Manual  Control  --  Del iberately , the  3RD  system  did  not  provide  for  automating 
control  decisions  and  functions.  Such  automation  is  considered  necessary  to 
achieve  significant  new  staffing  cost  savings. 

ATCRBS  Limitations  --  Although  radar  oerformance  has  been  enhanced  by  tne  beacon 
transponder  system,  there  are  certain  basic  limitations  (beam  width,  synchronous 
garble,  missed  and  false  targets)  which  would  prevent  the  development  of  I PC. 
and  many  automation  enhancements,  and  would  render  ATCRBS  unsuitable  for  high 
traffic;  density  situations. 

Voice  Communications  --  Again  limiting  thp  extent  to  which  controller  pro- 
ductivity may  be  improved,  the  absence  of  a data  link  capability  will  also  re- 
sult in  continued  voice  channel  saturation  problems. 

Airborne  and  Ground  Delays  --  Due  primarily  to  the  inability  (cost,  location, 
noise,  etc.^  to  provide  additional  runway  capabilities  and  effective  monitoring 
and  control  of  ground  movements  in  poor  weather,  airborne  and  ground  delays  con- 
tinue to  mount,  particularly  as  a result  of  the  wake  vortex  problem. 

Oceanic  Communications  --  Although  not  of  concern  to  this  study,  poor  communi- 
cations capabilities  continue  to  hamper  oceanic  operations  and  prevent  effective 
control  and  oceanic  airway  capacity  improvements. 

Instrument  Landing  System  --  Due  to  basic  limitat  ions  ot  the  VHF  II  s system. 

Cat  I ILS  cannot  be  implemented  at  many  airports  where  it  is  seriously  needed, 
and  Cat  II  systems  become  far  more  costly  than  would  be  justified. 

Flight  Service  Stations  --  Through  wide  dispersion  ot  facilities,  manual  pro- 
cedures and  antiquated  communications  networks,  the  Flight  Service  system  operates 
effectively  but  in  a manpower- intensive  manner. 


3.2  UGtRD  PIANS  FOR  PFRIURMANCl  IMPROVIMINTS 


The  Air  Traffic  Control  Advisory  Committee  (AT CAC ) [13]  in  l%d  recognized 
many  of  the  problems  stated  above,  and  came  forth  with  the  following  set  ot 
general  recommendations  tor  upgrading  the  capabilities  of  the  Third  Generation 
System: 


• Microwave  Landing  System 

t High  capacity  airport  designs 

• Wide  implementation  of  RNAV 

• A discrete  address  ATCRRS  with  data  link  capability 

• Intermittent  Positive  Control,  for  ensuring  safety 
in  the  mixed  (1FR/V1R)  traffic  environment 

• Additional  automation  developments  for  productivity 
enhancement 

As  a result,  the  nine-point  UG3RD  program  was  adopted  by  the  FAA.  This  section 
shall  review  these  nine  points,  detailing  the  specific  problems  they  are  in- 
tended to  solve. 

3.2.1  Discrete  Address  Beacon  System 

The  DABS  system  provides  vastly  improved  surveillance  performance  and  a 
data  link  capability.  The  motivations  behind  the  surveillance  improvements  are: 

• To  be  able  to  track  reliably  in  a highly  dense  traffic  environment 

• To  track  much  more  accurately  than  ATCRBS 

These  are  required  to  assure  high  performance  of  the  1 PC  subsystem,  and  to  allow 
advanced  automated  improvements  to  be  implemented.  Thus  the  basic  motivations 
are  safety,  traffic  density,  controller  productivity  and  capacity  improvements. 

.1.2.2  Intermittent.  Positive  Control 

IPC  was  discussed  above,  but  it  should  be  mentioned  that  1PC  also  tends  to 
relieve  controller  workload  in  high  density  environments. 

3.2.3  Flight  Service  Station  Automation 

This  program  will  eventually  provide  equivalent  or  improved  briefing  and 
flight  plan  filing  service  to  general  aviation  users.  However,  the  primary, 
overbearing  motivation  is  FI ight  Service  Specialist  productivity.  Also,  addi- 
tional automated  flight  planning  services  may  be  provided,  serving  user  convenience. 

3.2.4  Upgraded  AT C _Au t omat i on 

Metering  and  Spacing  is  intended  to  improve  airport  capacity  and  reduce 
delays.  In  addition,  the  automation  will  tend  to  reduce  controller  workload, 
and  so  may  improve  productivity. 

Control  Message  Automation  is  aimed  exclusively  at  improving  controller 
productivity.  It  is  perhaps  the  single  most  effective  planned  UG3RD  improvement 
for  creating  productivity  increases,  and  therefore  for  achieving  ATC.  cost  reductions. 
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Central  Mow  Control  Automation  is  intended  to  improve  the  process  by 
which  delays  are  reduced  (or  transferred  to  ground  delay),  and  airspace  sat- 
uration is  prevented.  The  result  will  be  both  lower  user  operating  costs  and 
reduced  controller  workload.  CFC  automation  improvements  will  also  enhance 
CFC  staff  productivity. 

Automated  Conflict  Alert  is  intended  exclusively  to  enhance  the  margin 
of  safety  in  the  system. 

The  Flight  Plan  Conflict  probe  is  primarily  aimed  towards  reducing  con- 
troller workload  by  eliminating  potential  conflict  situations  before  they 
occur. 

Minimum  Safe  Altitude  Warning  is  intended  exclusively  to  enhance  the 
margin  of  safety  in  the  system. 

Control  Sector  Design  Improvements  are  intended  solely  for  staff  effi- 
ciency improvements. 

The  enroute  metering  concept  is  designed  primarily  for  user  fuel  savings, 
although  it  has  ramifications  in  terms  of  airspace  saturation  and,  therefore, 
control ler  workload. 

3.2.5  Mi c : rowave  Landing  System 

The  MLS  is  designed  primarily  to  reduce  delays  and  enhance  operational  re- 
liability. Three  primary  purposes  are  to  be  served  by  MLS.  First,  precision 
landing  aids  may  be  installed  at  many  airports  where  it  is  now  economically 
infeasible,  due  to  siting  problems,  to  commission  an  ILS.  Second,  CAT  II  and 
III  landing  capabilities  may  be  more  easily  established  at  large  airports. 

Third,  noise  abatement  approach  procedures  may  be  conducted  during  instrument 
conditions  (these  may  be  presently  conducted  safely  in  VFR  conditions  through 
radar  vectors  or  visual  cues).  These  all  are  delay-reducing  and  reliability- 
enhancing capabilities;  thus  they  will  result  in  user  cost  savings  and  reduced 
incidence  of  airspace  saturation. 

3.2.0  " "“port  Surface  Traffic  Control 

Su  Cace  traffic  control  is  presently  a problem  at  several  airports  during 
instrument  conditions,  eventual  widespread  installation  of  Cat  I T / 1 1 1 capability 
will  significantly  complicate  the  ASTC  problem  since  aircraft  will  be  operating 
under  even  worse  conditions.  ASTC  improvements  will  reduce  delavs  and  also 
make  the  ground  controller's  job  much  easier,  requiring  fewer  personnel. 

3.2.  7 Wak_e_  Vortex  Avoidance  System 

The  wake  vortex  problem  has  seriously  reduced  arrival  capacity  at  virtually 
all  high-delay  airports.  Significant  benefits  to  aircraft  operators  will  result 
from  reduced  delays  due  to  successive  improvements  to  the  capability  to  predict, 
detect  and  avoid  wake  vortex  situations.  The  resulting  capacity  improvements 
will  make  airspace  saturation  less  of  a problem,  relieving  controller  workload. 
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3.2.8  Aerosat 


While  not  of  concern  to  this  study,  since  the  objective  is  the  study  of 
domestic  RNAV  implementation,  the  Aerosat  system  will  serve  both  users  and 
controllers  through  significant  communications  (and  therefore  control)  im- 
provements . 

3.2.9  RNAV 

As  discussed  in  detail  in  Section  1.3,  RNAV  will  provide  significant  cost 
savings  to  aircraft  operators  and  improvements  to  controller  productivity  as 
well.  Terminal  SID/STAR  procedures  with  altitude  separation  will  considerably 
improve  terminal  traffic  organization  and  reduce  workload.  Enroute  structures 
will  reduce  travel  time  and  reduce  conflict  potential. 

3.3  RNAV  CAPABILITY  FOR  OVERALL  ATC  PERFORMANCE  IMPROVEMENT 

As  discussed  in  the  previous  section,  the  UG3RD  program  is  designed  to 
produce  specific  improvements  in  terms  of  several  measures  of  performance,  as 
well  as  an  overall  improvement  to  the  margin  of  safety.  The  intent  of  this 
section  is  to  analyze  the  effects  of  RNAV  implementation  and  determine: 

• What  effect  RNAV  has  on  those  same  performance  measures 

• How  RNAV  and  the  other  UG3RD  features  will  interact,  and  what 
impact  (either  compounding  or  duplication)  this  has  on  those 
performance  measures 

• how  other  optional  enhancements  to  the  RNAV  concept  could  further 
improve  overall  system  performance 

3.3.1  RNAV  Impact  on  System  Performance  Measures 

Four  specific  measures  of  ATC  system  performance  are  considered  here: 

• Controller  workload  and  productivity 

• Terminal  capacity  and  delays 

• Airspace  congestion 

• User  costs  and  operational  convenience 

These  are  examined  both  in  terms  of  the  basic  RNAV  impact  on  the  performance 
measures  independent  of  the  UG3RD  program,  and  on  the  RNAV  impact  because  of 
interactions  with  UG3RD  program  elements. 

Controller  Workload  --  The  basic  RNAV  effects  on  terminal  ATC  controller  work- 
load stem  from  two  factors:  (1)  RNAV  SID/STAR  routes,  being  self-navigated,  re- 
duce communications  workload  drastically;  and  (2)  established  RNAV  routings  re- 
duce airspace  conflict  potential  since  conflict  situations  are  "designed-out". 
Section  1.3  recites  results  from  a recent  RNAV  real  time  simulation.  For  ex- 
ample, radio  contacts  per  aircraft  were  decreased  by  the  amount  of  20.0%  to 
39.9%  (arrivals)  and  of  53.8%  to  58.6%  (departures)  by  transitioning  all  traffic 
to  RNAV  routes.  These  effects  are  not  dependent  upon  UG3RD  implementation,  and 
so  could  be  obtained  as  soon  as  a substantial  portion  of  traffic  is  using  RNAV. 
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The  b j , RNAV  effect  on  c.r . it  k |.>  iu  dn  i w t row  the  fact 

that  a well-organized  RNAV  route  structure  reduce,  airspace  conflict  count  in 
comparison  to  the  present  day  Vl'R  'na  ture.  As  tated  in  Section  1.3,  conflict 
count  was  reduced  2b  by  a transition  to  100  RNAV.  Reduced  conflict  counts  are 
experienced  also  during  the  transition  to  a 100  RNAV  environ  ent.  As  before, 
these  benefits  are  available  independent  of  UG3RD  implementation. 

Two  UG3RD  program  features  arc  affected  by  RNAV  in  a manner  as  to  reduce 
control ler  workload.  As  shown  in  Section  2.3,  control ler  workload  is  reduced 
through  the  use  of  RNAV  Metering  and  Spacing  procedures  >n  comparison  to  the 
radar  vector  M&S  technique.  he  workload  reduction  results  from  a relaxation  of 
the  strict  timing  discipline  inherent  in  the  radar  vector  approach  to  M&S.  The 
usage  of  40  RNAV  MSS  procedures  further  reduces  cen  roller  workload  by  elimin- 
ating one  communication  event  per  arrival. 

The  other  UG3RD  program  so  affected  is  the  enroute  metering  concept.  For 
enroute  metering  to  function  properly,  considerable  controller  attention,  with 
the  aid  of  automated  arrival  time  prediction,  will  be  required  for  monitoring 
and  modifying  aircraft  speeds  such  that  the  intended  fix  arrival  time  is  made 
good  within  reasonable  bounds.  Usage  of  the  4J  technique  would  eliminate  that 
requirement,  since  arrival  time  control  may  be  accomplished  by  the  airborne 
system,  as  described  in  Section  2.3.4. 

Terminal  Capaci ty  and  Delays  --  RNAV  procedures  nave  been  shown,  in  a recent 
real-time  simulation  study  summarized  in  Section  1.3,  to  produce  a significant 
net  increase  in  terminal  arrival  capacity,  along  with  a corresponding  reduction 
in  delays.  Arrival  operations  rates  were  shown  to  increase  more  that  3.2" 

(from  76.6  to  79.1  per  hour)  simply  by  switching  all  operations  from  radar 
vectors  to  RNAV  procedures.  This  resulted  in  a sharp  drop  in  total  arrival  time 
(time  executing  arrival  procedures  plu>  enroute  holding  time)  of  approximately 
19%  (from  approximately  31  to  25  minutes  per  arrival).  Such  results  depend  only 
upon  the  implementation  of  RNAV,  and  are  independent  of  any  other  U63RD  feature. 

Terminal  arrival  capacity  durinu  IFR  conditions  may  be  increasable  through 
the  application  of  RNAV  to  define  noise  abater ent  approach  profiles  (ILS  or 
narrow-beam  MLS  intercept).  Using  noise  abate  ent  approach  procedures  during 
low  visibility  conditions  can  increase  IFR  arrival  rate  since  the  most  productive 
runways  at  an  airport  may  be  utilized,  ratr.er  than  oturs  with  lower  capacity 
which  have  less-noise-sensitive  straight-in  aporoac;  t i ds . These  routing  tech- 
niques are  discussed  in  Section  2.4  in  ore  dour;  . (Note  that  RNAV  noise-abate- 
ment routes,  being  STAR  procedures,  reduce  contr,  ler  workload  under  any  con- 
ditions). These  noise-abatement  procedures  could  be  implemented  independent 
of  other  UG3RD  programs. 

In  many  cases,  straight-in  RNAV  instrument  approaches  may  be  designed  for 
many  runways  at  airports  where  only  circling  approaches  (or  none  at  all)  presently 
exist.  This  can  improve  operationa  reliability  and  hence  reduce  delays  at  those 
airports  where  lower  mini mums  would  result.  Alternative  RNAV  approaches  are 
discussed  in  detail  in  a VORTAC  requirements  analysis  in  Reference  3. 

4D  RNAV  capability  has  been  shown  in  several  studies  (see  Section  2.3)  to 
be  able  to  improve  the  arrival  time  control  capabilities  of  the  Metering  and 
Spacing  technique.  The  annual  benefit  to  be  expected  of  such  usage  is  summarized 
in  Section  1.3. 


Airspace  Congestion  --  Upon  widespread  implementation,  RNAV  could  be  utilized 
to  reorganize  holding  airspace  such  that  an  increased  number  of  arrival  and 
enroute  holding  fixes  would  exist  for  serving  the  high  delay  airports.  As  dis- 
cussed in  Section  2.3,  this  could  simplify  delay  techniques  and  flow  control  pro- 
cedures as  well  as  make  more  efficient  use  of  airspace.  This  utilization  is 
not  predicated  on  any  other  UG3RU  program. 

Another  possible  method  of  enroute/arri val  route  airspace  conservation 
would  take  advantage  of  the  AD  RNAV  capability  as  applied  to  the  enroute 
metering  concept.  It  may  be  possible  (although  it  is  yet  to  be  demonstrated) 
to  use  the  40  function  to  allow  a reduction  to  in-trail  separation  of  arriving 
aircraft  in  the  enroute/transi t ion  environment  on  a routine  basis,  resulting 
in  higher  utilization  of  available  airspace.  This  would  be  accomplished  by 
using  time  control  to  serve  a "station-keeping"  function.  This  would  undoubtedly 
mean  that  some  prior  agreement  must  be  reached  as  to  the  exact  4D  algorithms 
to  be  used. 

A final,  but  extremely  significant,  contributor  to  a resolution  of  the  air- 
space congestion  problem  is  the  fact  that  the  improvements  to  terminal  capacity 
and  delays  due  to  RNAV  will  result  in  less  congestion  in  the  enroute  and  ter- 
minal airspace. 

User  Costs  and  Operational  Convenience  --  One  of  the  important  impacts 
of  RNAV  on  user  costs  will  be  through  the  expected  positive  impact  on  terminal 
arrival  delays.  Operational  convenience  will  be  enhanced  by  reduced  delays, 

RNAV  noise  abatement  procedures,  and  RNAV  approaches  to  small  airports.  None 
of  these  factors  are  predicated  on  other  UG3RD  programs. 

The  integration  of  RNAV  procedures  with  the  Intermittent  Positive  Control 
function,  as  discussed  in  Section  3.1,  could  enhance  user  acceptance  of 
the  IPC  capability.  The  usage  ot  RNAV  IPC  commands  would,  first,  allow 
cockpit  navigation  (and  therefore  orientation)  to  be  maintained  during  the 
avoidance  maneuver,  and  second,  facilitate  the  return  to  original  track 
after  *he  threat  has  pa-.spd  (current  'PC  concepts  are  not  concerned  with  that 
aroblem) . 

An  area  where  significant  user  cost  savings  may  be  realized  in  terms  of 
equipage  costs  for  UG3RD  features  is  due  to  the  fact  that  a great  deal  of 
commonality  exists  between  RNAV  and  MLS  computational  and  display  requirements. 
This  would  mean,  as  discussed  in  Section  2.4,  that  MLS  capability  cou’d  be  pro- 
vided simpiy  as  an  add-on  (receiver  plus  software  modification)  to  existing  or 
future  RNAV  systems.  Future  RNAV  models  could  be  designed  specifically  for 
MLS  integration  at  a later  date,  considerably  easing  the  MLS  implementation  and 
acceptance  problem. 

3.3.2  Areas  of  Interaction  of  RNAV  and  Other  UG3RD  Features 

The  subsections  which  follow  deal  with  those  areas  where  RNAV  will 
duplicate,  to  some  extent,  the  improvements  to  system  performance  measures 
which  are  expected  of  other  UG3RD  features.  These  improvements  are  in  the 
following  areas: 

Controller  Workload  --  The  dramatic  reductions  in  controller  workload,  partic- 
ularly in  the  terminal  area,  which  should  result  upon  the  implementation  of 
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RNAV  are  somewhat  duplicative  of  the  in  tended  effect  ol  the  Control  Message 
Automation  Program.  Of  course,  RNAV  may  t>e  implemented  well  in  advance  of 
CMA,  thus  allowing  an  orderly  progression  of  workload  reduction.  When  CMA 
is  implemented,  the  effect  of  RNAV  on  workload  will  probably  be  reduced. 

Terminal  Capacity  and  Delays  - Increased  terminal  arrival  capacity  achieved 
through  the  use  of  RNAV  techniques  duplicates,  to  some  extent,  the  terminal 
capacity  enhancements  expected  to  result  from  the  following)  proqrums: 

• Meter imj  and  Spacing 

t Wake  Vortex  Avoidance 

• Microwave  landing  System 

As  indicated  in  the  MAS  analysis  discussed  in  Section  P.3,  the  RNAV  arrival 
capacity  [layoff  goes  to  zero  when  MAS  is  implemented,  except  in  the'  AD  RNAV  case 
where1  substantial  capacity  advantages  are  available.  There'  is  probably  some 
degree1  of  interaction  between  the  capac  ity  effects  of  WVAS  and  RNAV,  although 
no  data  is  presently  available  concerning  the  magnitude  of  the  effect,  or 
whether  it  is  positive  or  negative1.  Reliable  results  could  be1  obtained  through 
real  time  simulation,  hut  no  such  studies  are  at  present  planned. 

In  most  situations  the  functional  requirement  of  MIS  to  provide  noise1 
abatement  approaches  could  be  satisfied  in  the  interim  period  by  the  RNAV/1LS 
intercept  technique,  provided  that  RNAV  operations  become  commonplace  before 
MLS  is  widely  i nip  1 omen  ted.  As  presently  configured,  RNAV  cannot  substitute  for, 
either  in  combination  with  1LS  or  not,  the  Category  1 1 / 1 1 1 capability  of  MLS,  jl 

and  so  has  no  interaction  with  MIS  with  respect  to  that  performance  measure. 

It  may  be  possible  to  maximize  benefits  while1  minimizing  costs  by  combining 
the  advantages  of  each;  e.g.  RNAV  for  area  coverage  combined  with  a narrow-beam 
(•10°)  Category  I I/I  1 1 MIS  (this  may  involve  an  MIS  configuration  not  presently 
contained  in  the  submittal  being  made  to  ICAO).  At  airports  which  are  not  presently 
equipped  with  precision  approach  aids,  RNAV  can  in  many  cast's  provide  improved 
approach  procedures  at  some  of  these  airports.  This  advantage  would  diminish 
as  airports  art*  equipped  with  small  community  MIS  configurations,  and  as  C>A 
operators  equip  with  MIS  avionics. 

H 

This  discussion  deals  with  those  areas  where  RNAV  can  provide  a compounded 
benefit,  where  RNAV  itself  can  enhance1  the  performance  of  an  UG3RD  feature.  The 
following  are  examples  of  such  cases;  the  presentation  is  brief  since  many  have 
been  mentioned  earlier  in  a different  context. 

• 1PC  performance  is  improved  through  the  use  ot  RNAV,  which 
maintains  pilot;  orientation  and  allows  course  reacquisition 

• AD  RNAV  improves  overall  MAS  system  performance 

• AD  RNAV  can  improve  enroute  metering  system  performance 
through  providing  higher  fix  delivery  time  accuracy,  and 
(possibly)  by  increasing  airspace  utilization  through  station- 
keeping techniques. 


• Ihe  user  cost  savings  attributable  to  RNAV,  and  commonality 
with  the  airborne  MIS  computational  requirement,  will  enhance1 
overall  acceptance  of  these  UG3RD  features. 


1.3.  ; Potential  Effects  of  I nhancements  to  the  KhAV  Concept 

larly  studios  of  Ansi  Navigation  capabi 1 i ties,  traffic  density  pro- 
jections and  route  width  requirements  indicated  .1  need  to  improve  RNAV 
accuracies  signi ficantly  in  order  that  route  widths  may  be  reduced,  for 
example,  the  RNAV  Task  force  [3H|  specified  reductions  in  route  widths  to 
•2.b  nm  (enroute)  and  >1.5  nm  (terminal)  from  existing  widths  of  ’4  nm 
(plus  3.25°  splay)  and  <2  nm,  respectively.  The  present  widths  are  based 
upon  minimum  RNAV  performance  as  specified  by  AC  90-43A  [10].  Such  accuracy 
levels  would  not  support  the  reduced  route  widths  specified  in  the  Task  force 
report,  and  so  revised,  more  stringent  accuracy  requirements  are  developed  in 
that  report.  Subsequent  analysis  in  a route  width  requirements  study  [?]  and 
a terminal  area  route  design  study  [9]  lias  sfiown  that  these  more  stringent 
route  width  requirements  are  not  really  necessary  to  service  the  traffic 
density  projected  for  the  UG3RD  time  period.  Therefore,  the  development  of 
a more  stringent  (in  terms  of  accuracy)  performance  requirement  for  RNAV 
would  not.  he  justified  based  upon  route  width  criteria  alone. 

In  order  that  4b  RNAV  procedures  may  be  introduced  in  the  Metering  and 
Spacing  environment.,  however,  it  will  probably  be  necessary  to  certify  4D  RNAV 
systems  as  being  capable  of  performing  to  a specified  level  of  accuracy.  This 
results  since  40  control  performance  has  implications  in  terms  of  aircraft 
separation,  in  this  case  longitudinal.  Achieving  the  required  accuracy  should 
not  be  difficult,  since  such  a high  performance  system  could  use  the  dual-DMl/ 

Air  Data  mode  of  navigation,  which  should  result  in  performance  much  the  same 
as  that  achieved  in  the  airline  quality  system  flight  tests  discussed  in 
Section  2.3  and  Appendix  C.  That  system  achieved,  under  terminal  area  conditions, 
an  overall  along-track  error  performance  of  0.14  nm  (la)  (3.13  sec  at  160  kt). 

It  is  quite  feasible  to  require  dual-DMl-  navigation  for  40  MAS,  since  nearly 
all  potential  MAS  terminals  are  served  by  several  nearby  VORTACs,  and  since 
aircraft  altitude  at  the  approach  gate  is  sufficient  to  insure  reception  in 
most  cases. 

One  very  significant  result,  ot  t hr  above  considerations  is  t fiat  no  improved 
V0R  capability  (PV0R)  need  be  deployed  to  achieve  this  result.  Therefore,  im- 
plementation could  be  rapid,  and  at.  low  ATC  system  cost. 

If  one  presumes  that  such  a RNAV  performance  specification  (called  Extended 
Capability  RNAV)  wore  to  be  established  and  accepted  by  industry,  it  is  fruitful 
to  evaluate  other  potential  benefits  which  could  be  realized.  AC  90-43A,  and 
existing  RNAV  instrument  approach  procedure  design  requirements  contained  in  TERRS 
[39],  are  based  upon  the  minimal  RNAV  capability;  i.o.,  low-cost  nav  receivers, 
single  V0R/DME  sensor,  analog  processing,  no  air  data  signal,  etc.  A new  Extended 
Capability  RNAV  (ECR)  specification  could  be  created  which  would  do  little  more 
than  reflect  the  performance  capabilities  presently  being  demonstrated  by  the 
avionics  industry,  whereby  high  quality  nav  receivers,  digital  processing,  and  air 
data  updating  would  be  considered.  This  specification  could  set  performance 
requirements  individually  for  the  single  V0R/DME  and  multiple  V0R/DME  capability, 
with  the  latter  applied  to  the  4D  problem,  and  the  former  applied  to  designation 
of  a new  class  of  ICR  instrument  approach  procedures . These  ECR  lAPs  would 
allow  considerably  lower  MDAs  than  can  presently  be  obtained  at  most  non-ILS 
locations  with  any  non-precision  approach  aid.  Thus,  the  gap  between  existing 
operational  requirements  at  many  smaller  airports,  and  the  promise  of  eventual 
MIS  deployment,  could  be  bridged  effectively  at  most  locations  in  a reasonably 
short  time  period. 


it  should  be  emphasized  at  this  point  that  the  Intended  Capability  RNAV 
concept  does  not  depend  upon  deployment  of  any  new,  improved  performance 
VOR/DML  system.  Rather,  it  would  simply  be  an  official  recognition  of  the 
performance  capabilities  presently  available  and  being  demonstrated  through 
the  use  of  modern  signal  processing  techniques. 

As  stated  in  Section  3.3.1,  it  may  be  possible  to  use  40  time  control 
capability  in  the  terminal  transition  environment  under  control  of  an  enroute 
metering  system  as  a tool  to  reduce  longitudinal  separations  between  aircraft 
in- trail  on  a route.  This  concept  would  utilize  4D  to  provide  a relative 
station-keeping  function  through  control  of  fix  arrival  time.  The  4D  accuracy 
requirement  stated  in  an  ECR  specification  would  not  be  affected  by  this  new 
function  (excepting  that  the  higher  speeds  involved  may  necessitate  a larger 
allowable  error  value  irrespective  of  navigation  accuracy).  However,  it  may 
he  necessary  to  standardize  the  functioning  of  the  time  control  algorithm  in 
order  to  realize  the  needed  value  for  longitudinal  separation.  The  end  result 
could  be  a significant  improvement  to  the  airspace  saturation  problem  at  busy 
ai rports . 

3.4  SUMMARY  OF  RNAV  IMPACTS  ON  THE  OTHER  UG3RD  FEATURES 

Present  plans  for  UG3RD  system  implementation  have  been  reviewed  with  the 
intention  of  determining,  from  a systems  implementation  viewpoint,  where  RNAV 
and  the  other  UG3RD  features  may  have  an  interaction.  These  results  are  based 
on  an  assumption  that  RNAV  will  be  implemented  at  an  early  date,  and  in  the 
following  sequence: 

1)  Designation  of  a comprehensive  high  altitude  RNAV  route  structure 

2)  Implementation  of  terminal  RNAV  routes  and  procedures  at  large 
hub  airports 

3)  Implementation  of  terminal  RNAV  routes  and  procedures  at  large 
hub  airports 

4)  Designation  of  a preliminary  low  altitude  route  structure 

5)  Eventual  implementation  of  RNAV  procedures  at  all  towered  airports 

6)  Eventual  revision  and  expansion  of  the  low  altitude  route  structure 

Preplanned  direct  flight  plans  would  be  allowed  immediately,  and  granted  when- 
ever practicable.  RNAV  approach  procedures  would  be  designated  as  requests 
are  received.  Enroute  resector i ztion  would  be  completed  when  the  majority 
of  traffic  arc  RNAV  equipped  (high  and  low  altitude  environments  considered 
separately) . 

3.4.1  Implementation  Interactions  of  RNAV  and  UG3RD  Features 

The  following  is  a list  of  the  UG3RD  features  including  a brief  discussion 
of  the  findings  of  this  study  relative  to  interactions  with  RNAV  to  be  expected 
from  an  implementation  viewpoint.  The  major  motivating  factors  behind  the 
development  of  each  feature  is  stated.  The  first  three  items  on  the  list  relate 
to  the  MLS  program.  Mention  is  made  of  Category  I,  II  and  III  MLS  capabilities, 
while  these  have  not  yet  been  explicitly  defined  by  ICAO.  In  these  statements 
the  "category"  terms  are  intended  to  represent  levels  of  MLS  performance  which 
would  allow  operations  in  visibility  conditions  of  that  category. 
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• MLS  at  Dense  Terminals  --  Wire  Bean;  or  (possibly)  narrow-beam  MLS 
will  be  installed  at  all  major  terminals  so  that  Category  1 1 / 1 1 1 
capability  may  be  instituted,  allowing  improved  operational 
reliability  and  reductions  in  weather- induced  delays.  It  is 
assumed  that  a narrow-beam  Category  11/111  MLS  configurat  ion 
could  be  made  available,  although  this  is  not.  a currently- 
planned  configurat ion. 

• Wide -Beam  MLS  --  RNAV  provides  the  area  coverage  capability  in 
the  terminal  area  to  accurately  navigate  arrival  routes  and 
transitions  to  precision  final  approach  guidance.  As  demonstrated 
in  Appendix  B,  the  RNAV  capability  can  satisfy  the  noise  abatement 
procedure  requirements  at  many,  but  not  all,  terminals.  Therefore, 
the  wide -beam  MLS  implementation  requirement  could  be  eased;  this 
might  allow  accelerated  implementation  of  the  basic  and  Category 
II/II1  narrow-beam  configurations. 

• MLS  at  Small  Airports  --  Category  I,  narrow-beam  MLS  capability 
is  needed  at  airports  where  an  operational  requirement,  exists. 

This  is  particularly  true  where  non-precision  approach  mini  mums 
are  high,  and  where  RNAV  approach  procedures  will  not  adequately 
meet  the  operational  requirement. 

• DABS  Surveillance  --  lhe  surveillance  capability  of  DABS  will  be 
required  for  certain  automation  improvements  and  IRC.  It  is 
therefore  an  important  UGJRD  feature;  however,  DABS  is  not 
required  to  support  RNAV. 

• Intermittent  Positive  Control  --  IPt  is  primarily  intended  for  the 
VI R and  mixed  environments  and  will  provide  emergency  separation 
service  t.o  non-control  led  aircraft. 

• Control  Message  Automation  --  Significant  reductions  in  ATC 
controller  workload  are  expected  to  result  as  RNAV  is  introduced. 

The  basi<  reasons  are  the  usage  ot  RNAV  SID/STAR  procedures,  of 
RNAV  with  M&S,  and  of  an  en route  RNAV  route  structure.  CMA  (with 
DABS  Data  l ink)  is  the  major  long-term  UG3RD  program  intended  for 
controller  workload  reduction.  The  beneficial  aspects  of  RNAV  in 
this  area  will  help  ease  that  problem  until  CMA  is  fully  implemented. 

• Near-Term  Automation  Lnhani enients  --  Development  of  these 
enhancements  (Conflict  Alert,  Conflict  Probe,  M&S,  MSAW,  etc.)  is 
well  under  way.  They  primarily  will  improve  safety  and  NAS/ARTS 
rel iabi 1 i ty. 

• Metering  & Spacing  --  M&S  should  significantly  improve  capacity  and 
reduce  delays,  and  will  also  function  well  in  an  RNAV  or  mixed 
RNAV/radar  vector  environment.,  as  demonstrated  in  detail  in 
Appendix  C. 

• fnroute  Metering  --  This  program  should  result  in  significant  fuel 
sav  1 ngs . 
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• Central  Flow  Control  --  Several  UG3RD  programs,  such  as  M&S,  WVAS, 

ASTC  and  RNAV,  should  produce  significant  airport  and  airspace 
capacity  improvements,  which  should  result  in  reductions  to  delay 
over  the  long  term.  RNAV  terminal  capacity  improvements  were 
demonst rated  by  real-time  simulation  [3/].  These  capacity 
improvements  should  help  to  ease  the  flow  control  problem. 

• Airport  Surface  Traffic  Control  --  Since  ground  operations  must 
continue  during  Category  1 I/I  1 1 conditions  at  airports  where 
Category  ll/ll  I landings  are  being  conducted,  ASTC  improvements 
are  needed,  particularly  as  Category  I I/I  II  capability  becomes 
more  widely  implemented. 

• Wake  Vortex  Avoidance  --  WVAS  is  critical  to  improve  terminal 
capacity  and  reduce  delays.  WVAS,  RNAV,  M&S  and  MLS  Category 
I I/I  1 1 will  work  together  to  result  in  a very  significant 
overall  improvement  to  terminal  capacity.  RNAV  capacity  impacts 
are  addressed  in  Section  2.3.1. 

• Flight  Service  Station  Modernization  --  This  program  promises 
that  a large  potential  cost  savings  will  be  available  upon  its 
successful  completion. 

It  should  be  emphasized  that  none  of  these  UG3RD  programs  are  in  any  way 
necessary  for  the  successful  and  beneficial  implementation  of  RNAV  as  the 
primary  navigation  system. 

3.4.2  I xt.ended  Capability  RNAV  Concept.  Impact 

It  the  I xtended  Capability  RNAV  concept  (ICR,  Section  3.3.3)  were  adopted, 
the  primary  impact  could  be  a significant  redirection  of  the  small  airport  MLS 
deployment  program.  Rather  than  serving  as  a primary  Category  1 landing  facility 
(a  capability  which  FCR  IAI’s  could  substitute  for  at  the  lowest  density 
airports),  MLS  would  he  implemented  at  specific  locations  where  Category  II 
capability  is  needed  in  addition  to  those  larger  airports  for  which  it  is 
already  programmed.  I xtended  Capability  RNAV  could  significantly  improve 
operational  reliability  at  the  many  small  airports  wehre  MLS  is  not  envisioned 
to  be  installed. 


4.o  ovtKVirw  or  rnav  costs  and  hi nhiis 
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The  objective  of  this  section  is  to  derive  ami  present  the  overall 
benefi t-to-cost  ratio  expected  to  result  from  the  implementation  ot  area 
navigation.  The  cost  and  benefit  data  utilized  herein  are  taken  from  earlier 
RNAV  cost/benefit  studies,  particularly  References  8 and  15.  and  to  a lesser 
extent.  References  6 and  37.  Modifications  to  those  costs  and  benefits  which 
resulted  from  the  present  UG3R0  impact  study  are  also  included.  A limitation 
of  the  earlier  RNAV  economics  studies  (particularly  8 and  15)  has  been  that 
while  benefits  at  a particular  point  in  time,  and  cumulative  implementation 
costs,  have  been  presented,  the  overall  picture  from  years  1976  to  2000  was 
not  analyzed.  This  section  presents  the  results  of  a present-value  benefit/ 
cost  analysis  over  that  25  year  period  according  to  the  methods  prescribed 
in  0MB  Circular  A-94,  Reference  43.  This  analysis  is  also  based  upon  the 
latest  aircraft  activity  projections,  as  prepared  by  the  Office  ot  Aviation 
Policy  [1]. 

The  methodology  ot  the  above-mentioned  0MB  circular  is  based  upon  the 
present  value  technique  commonly  used  in  financial  analysis  for  investment 
decision-making.  It  allows  various  benefits  and  costs  which  accrue  at  dif- 
ferent points  in  time  to  be  analyzed  and  compared  on  an  equivalent  basis. 

This  is  done  by  adjusting  all  costs  and  benefits  back  to  an  equivalent  present 
value  through  a formula  which  considers  the  value  ot  the  monetary  resources 
involved.  This  formula  is: 

Present  Value  (Value  n years  later)  times  (1  ♦ r)  M 

where  "n"  is  the  number  of  years  passed  before  tne  cost  or  benefit  will  accrue, 
and  "r"  is  the  discount  rate,  or  value  of  money  (roughly  equivalent  to.  but 
typically  greater  than,  annual  interest  cost  of  money).  The  0MB  circular 
specifies  that  a discount  rate  of  10  be  used.  The  factor  ot  inflation  is  not 
specifically  accounted  for  by  this  formula.  It  is  eliminated  by  expressing 
all  future  costs  and  benefits  in  terms  of  fixed  (197b  in  this  case)  dollars. 

Both  costs  and  benefits  are  affected  by  inflation,  and  if  the  effect  is 
approximately  equal  for  both,  inflation  need  not  be  explicitly  considered. 
riuctu.it ions  in  costs  different  from  the  general  trend  of  inflation  are  then 
included  as  parameters  in  the  analysis,  as  are  future  fuel  costs  in  the 
following  analyses. 

The  overall  intent  of  present  value  analysis  is  that,  by  presenting  costs 
and  benefits  occuring  at  different  times  on  an  equivalent  basis,  rational 
investment  decisions  may  be  made  based  upon  the  resulting  benefi:  cost  ratio. 
However,  in  order  to  be  applied  successfully,  a logical  scenario  which  describes 
the  sequence  of  events  relating  to  the  subject  investment  dec’sion  must  first 
be  developed.  The  details  ot  the  scenario  developed  which  describes  tie  imple- 
mentation of  RNAV  are  presented  in  later  subsections.  However,  the  basic  points 
are  as  fol lows : 

• Phased  implementation  of  RNAV  in  the  sixty  busiest 
hubs  over  seven  years  starting  in  1982 

• Equipage  of  the  Air  Carrier  fleet  over  a four 
year  period  starting  in  1982 

• Availability  of  an  enroute  RNAV  structure  to 
users  able  to  use  it,  starting  in  1987 
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t Accommodation  of  3D  descent  procedures  starting 
in  1982 

• Integration  of  4D  procedures  with  Metering  & Spacing 
starting  in  1985 

This  scenario  presumes  rapid  adoption  of  RNAV  by  the  major  airspace  users 
due  to  the  large  degree  of  payoff  available.  In  the  following  sub-sections 
the  present  value  costs  and  benefits  to  the  airspace  users,  to  the  ATC 
system,  and  to  air  carrier  passengers,  as  well  as  overall  costs  and  benefits, 
are  presented. 

4.1  USER  SCENARIO  AND  RESULTS 
RNAV  Equipage  Costs 

The  air  carrier  fleet  is  projected  to  equip  fairly  rapidly  once  RNAV 
terminal  procedures  are  instituted  and  an  enroute  route  structure  is  made 
available.  Most  recent  plans  [44]  indicate  that  initial  capability  will  be 
available  in  1982.  Rapid  equipage  is  anticipated  for  two  reasons:  (1) 
large  RNAV  payoff  potential  will  motivate  early  equipage,  particularly  in 
view  of  high  fuel  costs,  and  (2)  once  started,  airlines  tend  to  equip  a 
given  aircraft  type  fleet  with  equivalent  avionics  quite  rapidly  in  order  to 
achieve  uniformity,  to  ease  training  problems  and  to  promote  usage  of  optimum 
procedures.  Since  the  busiest  terminal  hubs  will  institute  RNAV  first  (see 
later  terminal  subsection),  and  since  they  will  be  dominated  by  wide  body 
operations,  wide  bodies  are  projected  in  this  scenario  to  initiate  equipage 
first  (1982)  followed  by  regular-body  aircraft  (1983).  A three  year  equipage 
period  is  projected  for  each.  The  resulting  schedule,  in  terms  of  percentage 
or  fraction  of  domestic  fleet  equipped,  is  listed  in  Table  4.1.  Five  aircraft 
type  categories  are  used:  four  and  three  engine  wide  body  types  (4EWB,  3EWB), 
and  four,  three  and  two  engine  standard  types  (4ESB,  3ESB,  2ESB).  Exceptions 
to  the  uniform  three-year  equipage  schedule  are  as  follows: 

1)  Three-engine  wide  body  aircraft  --  A certain  number 
of  DC-10's  (National  Airlines)  are  already  equipped. 

This  is  reflected  in  the  table. 

2)  Four-engine  and  two-engine  standard  body  aircraft  -- 
The  numbers  of  these  are  projected  to  eventually 
decline  (see  Table  4.2).  To  avoid  uneconomical 
equipage,  the  1985  target  was  set  to  100%  of  the 
1990  fleet  rather  than  100%  of  the  1985  fleet,  as 
was  done  for  the  three-engine  standard  body  aircraft. 

The  total  air  carrier  fleet  complement  projection  over  the  twenty- 
five  year  period  was  provided  by  the  Office  of  Aviation  Policy  [1],  and  is 
shown  in  Table  4.2.  However,  this  data  represents  total  U.S.  fleet  complement, 
including  those  involved  in  international  as  well  as  domestic  operations.  Since 
area  navigation  is  considered  as  a domestic  navigation  system,  it  is  necessary 
to  estimate  the  fleet  complement  involved  principally  in  domestic  operations. 

In  order  to  obtain  a basis  for  such  a projection,  the  most  recent  Civil  Aero- 
nautics Board  cost  and  performance  data  was  reviewed  (Reference  45).  From 
this  data  it  was  determined  that  the  U.S.  Air  Carrier  Fleet  in  1975  was 
operated  according  to  the  breakdown  in  Table  4.3. 
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The  figures  in  Table  4.3  are  averages  for  the  year,  thus  yielding  fractional 
aircraft  counts.  The  aircraft  type  categories  represent  four-engine  wide  body, 
three-engine  wide  body,  four-engine  standard  body,  etc.,  the  same  as  in  Tables 
4.1  and  4.2.  Under  ordinary  circumstances,  this  set  of  data  representing 
domestic  proportion  would  be  carried  through  as  a projection  for  the  next 
twenty-five  years.  However,  a review  of  the  fleet  mix  projection  (Table  4.2) 
indicates  that  perhaps  some  better  assumptions  may  be  made.  A projection  was 
thus  made  based  on  the  following  assumptions: 

t The  proportion  of  domestic  seats  available  from 
all  four-engine  as  opposed  to  all  three-engine 


The  resulting  breakdown  of  domestic  fleet  percentages  over  the  next  twenty- 
five  years  is  given  in  Table  4.4.  The  total  count  of  aircraft  to  be  equipped 
in  any  given  year  is  therefore  the  product  of  aircraft  fleet  count,  domestic 
fraction,  and  fraction  RNAV  equipped  (Tables  4.2,  4.4  and  4.1).  These  values 
are  utilized  in  the  assessment  of  both  equipage  and  maintenance  costs  and 
in  ascribing  user  benefits  as  is  done  in  later  sections. 


Table  4.4  Air  Carrier  Fleet  Domestic  Fraction 


Year 

4EWB 

| 3EWB 

r 

4ESB 

3ESB 

2ESB 

'1975 

.438 

.894 

.606 

.947 

.957 

1980 

.487 

.878 

.606 

1 .960 

.957 

1985 

.519 

.861 

.606 

' .974 

.957 

1990 

.538 

.891 

.606 

.975 

.957 

1995 

.544 

.909 

.606 

.973 

.957 

2000 

.549 

| .914 

_L._ 

.606 

i jg 

.957 

It  is  necessary  to  estimate  the  costs  which  an  airline  will  incur  in 
equipping  each  aircraft  of  a given  type,  and  the  recurring  costs  of  maintenance 
and  data  base  update,  in  order  to  fully  assess  RNAV  equipage  cost:,.  Certain 
data  is  available  since  avionics  manufacturers  have  already  produced  such  equip- 
ment commercial ly  to  a limited  extent.  However,  costs  of  installation  include 
several  factors  over  and  above  avionics  unit  costs.  Included  are  aircraft 
rewiring  and  idle  time,  spare  parts  inventory,  and  crew/maintenance  training. 
Recurring  annual  costs  include  routine  maintenance  and  data  services.  Previously 
[8]  avionics  manufacturers  were  queried  in  order  to  obtain  estimates  of  these 
factors.  These  results  have  been  updated  during  the  present  study  through 
discussions  with  Delco,  Collins  Radio  Group  and  National  Airlines  [4b].  While 
most  of  the  costs  could  not  be  defined  absolutely,  estimates  were  made  as  follows: 


aircraft  will  remain  constant. 

t Since  4ESB  aircraft  are  no  longer  being  manufactured, 
and  a certain  number  are  equipped  for  international 
operations,  the  4ESB  domestic  fraction  will  remain  fixed. 

# Three-engine  standard  body  aircraft  will  be  manufactured 
primarily  for  the  domestic  market,  thus  the  total  non- 
domestic 3ESB  count  was  presumed  to  be  constant. 

0 The  2ESB  domestic  fraction  is  assumed  to  remain  fixed. 
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1)  RNAV  Cost  - $40K  each  (ARINC  MK13),  S 1 1 OK  each  (ANS-70) 

2)  Spares  Inv.  - 25% 

3)  Installation  - $50K  per  aircraft 

(would  vary  widely  based  on  system  complexity  and  aircraft  layout) 

4)  Training  - small 

5)  Annual  Maintenance  - $0.35/flt.  hr.  (MK13) 

6)  Data  Services  - $0.35/flt.  hr.  (MK13) 

The  RNAV  system  considered  was  the  basic  airline  ARINC  MK1 3 with  Flight  Data 
Storage  Unit,  because  wide  body  aircraft  would  experience  greater  benefits  due 
to  RNAV,  a more  complex  and  sophisticated  system  was  postulated  (similar  to  the 
Collins  ANS-70,  for  example),  and  the  various  cost  categories  were  increased 
accordingly.  The  training  costs  listed  are  estimates.  Maintenance  cost  for 
the  ANS-70  was  increased  in  proportion  to  system  cost.  Data  services  costs 
were  also  increased,  but  not  as  much  since  the  amount  of  data  is  fixed.  Costs 
actually  used  in  this  analysis  are  presented  in  Table  4.5.  These  represent 
costs  for  a typical  dual  installation.  Note  that  it  is  not  necessary  to  equip 
the  wide  body  aircraft  with  the  more  sophisticated  type  system  in  order  to  get 
RNAV  benefits. 


Table  4.5  Airline  RNAV  Equip.age  Costs 


Category 

Wide  Body 

Standard  Body 

Purchase 

Spares 

Installation 

Training 

$1 10K  x 2 
55K 

60  K 

5K 

$40K  x 2 

20K 

40K 

3K 

TOTAL  ACQUISITION 

$340K 

$1 43K 

Maintenance 

Data  Services 

$ 3K  x 2 

2K  x 2 

$ IK  x 2 

IK  x 2 

TOTAL  ANNUAL 

$ 10K 

$ 4K 

The  results  of  this  cost  analysis  show  that,  over  a twenty-five  year 
period,  a total  of  $1436  million  would  be  spent  (at  1976  dollars)  on  equip- 
ment, installation  and  maintenance.  The  equivalent  present  value  in  1976 
of  these  expenditures  at  a 10%  annual  discount  rate  is  $442  million.  This  is 
the  value  which  will  be  compared  to  present  value  airline  benefits  in  order 
to  determine  benefit/cost  ratio.  The  overall  airline  cost  results  are  presented 
in  Table  4.6.  In  Appendix  F detailed  airline  cost  results  are  presented. 

Annual  cost  results  are  stated  for  each  aircraft  category. 

Table  4.6  Airline  Equipage  Total  Dollar  Costs  and  Present  Value  Costs 


A/C  Type 

4EWB 

3EWB 

4ESB 

3ESB 

2ESB 

Total 

Avionics 

Installation,  etc. 

$ 78. 3M 
42.  7M 

$406. 3M 
221. 6M 

$ 12.2M 
9.6M 

$122. 5M 
96. 4M 

$ 44. 6M 
35. 1M 

$663. 9M 
405. 5M 

TOTAL  CAPITAL 

$121. 1M 

$628. 0M 

$ 21. 7M 

$218. 9M 

$ 79. 8M 

$1069.4M 

Maintenance,  etc. 

$ 41. 0M 

$184. 4M 

$ 7.7M 

$ 98. 3M 

$ 35. 3M 

$366. 8M 

i TOTAL 

$162. 1M 

$812. 4M 

$ 29. 4M 

$31 7^2M 

$115. 1M 

S1436.2M 

1976  Present  Value 

$ 49. 1M 

$210. 5M  1 

$ 12. 3M 

$123. 9M 

$ 46.3M 

$442 ,2M 
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The  remaining  RNAV  equipage  costs  to  bo  considered  concern  general 
aviation  equipage.  It  is  of  interest  to  note  that  RNAV  has  been  well 
accepted  by  the  GA  population.  Many  thousands  of  units  (mostly  low-cost 
single  waypoint  models)  have  been  sold.  However,  it  is  much  more  difficult 
than  in  the  airline  case  for  purposes  of  the  present  analysis  to  determine 
GA  RNAV  equipage  costs  and  benefits,  since  no  direct  data  representing  those 
operators  who  would  equip  to  take  advantage  of  RNAV  terminal  procedures  and 
route  structures  is  available.  In  the  air  carrier  case,  with  the  exception 
of  high-time  airframes,  all  aircraft  could  be  presumed  to  become  equipped 
since  there  is  a large  payoff  potential.  GA  payoff  is  smaller  and  more 
difficult  to  demonstrate  in  terms  of  direct  dollar  savings.  Obviously, 
there  are  other  non-quantifiable  benefits  which  motivate  GA  operators,  as 
demonstrated  by  the  number  of  units  sold  to  date.  In  order  to  simplify  this 
analysis  and  achieve  a conservative  result,  the  following  approach  was  taken: 
Equipage  costs  for  those  GA  operators  most  likely  to  utilize  RNAV  to  get 
dollar  benefits  have  been  computed,  and  will  be  added  to  the  total  of  RNAV 
present  value  costs.  Although  dollar  benefits  for  GA  users  can,  and  have  [8] 
been  demonstrated,  none  are  presented  here  since  the  data  base  required  for 
their  computation  over  a twenty-five  year  time  period  is  not  available.  This 
will  mean  that  the  overall  RNAV  benefit/cost  result  will  be  quite  conserv- 
atively expressed. 

for  purposes  of  this  analysis,  those  GA  users  presumed  to  equip  are  as  follows: 

1 ) All  high  altitude  operators  (turbine  aircraft),  since 
they  can  get  a significant  enroute  benefit. 

2)  All  piston  operators  who  base  their  aircraft  at 
one  of  the  high  or  medium  density  hub  airports, 
since  they  too  may  potentially  derive  a benefit. 

All  of  these  have  been  assumed  to  initiate  equipage  in  1982,  with  all 
candidate  aircraft  equipped  within  five  years.  The  projections  of  eligible 
aircraft  counts  were  taken  from  the  AVI’  study  [1].  Aircraft  currently  based 
at  the  high  and  medium  density  hubs  were  determined  in  an  earlier  study  [8] 
from  FAA  aircraft  registration  files.  The  extrapolations  used  in  this  study 
were  not  linear,  but  imposed  limits  upon  the  numbers  of  GA  aircraft  expected 
to  be  based  at  the  high  and  medium  density  hubs.  These  limits  are  expected 
to  result  from  the  eventual  domination  of  these  airports  by  air  carrier  oper- 
ations, as  shown  in  the  traffic  projections  supplied  by  AVP  [1].  As  a result, 
single  engine  piston  aircraft  based  at  large  and  medium  hubs  are  assumed  to 
remain  constant  at  1975  levels,  while  multiengine  piston  aircraft  are  assumed 
to  be  limited  at  the  extrapolated  1980  level.  These  projection  oata  are  listed 
in  Table  4.7. 

Table  4.7  RNAV-Equipped  GA  Aircraft  Projections 


Projection  Year 

1975 

1980 

1985 

1990  : 1995 

2000 

All  Piston-Single 

L 131  ,687 

149,990 

181 ,803 

'224,139  '276.0% 

339,848 

All  Piston-Multi 

20,123 

25,610 

33.714 

44,998  59,840 

79,326 

All  Turbine 

4,005 

6,615 

9,843 

14,450  ; 20,811 

29,345 

RNAV  Piston-Single 

-0- 

-0- 

3,966  " 

4,958  4,958 

4,958 

RNAV  Piston-Multi 

-0- 

-0- 

1 ,659 

2,074  2,074 

2,074 

RNAV  Turbine 

-o- 

-0- 

7,099 

14,450  20,811 

29,345 

L 
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From  the  earlier  cost  study  [8],  an  average  RNAV  equipage  cost  for  each  aircraft 
category  may  be  derived.  These  values  include  not  only  RNAV  equipment  cost, 
but  also  the  fact  that  certain  aircraft  will  require  other  equipment.  For 
example,  many  of  these  GA  aircraft  would  not  ordinarily  be  equipped  with  DME , 
which  is  required  for  RNAV  operation.  These  resulting  average  equipage  costs 
are  listed  in  Table  4.8,  which  shows  total  equipage  costs,  1976  present  value 
costs,  and  total  and  present  value  maintenance  costs,  presuming  an  annual  4% 
maintenance  cost  rate. 


Table  4.8  Equipage  Total  Dollar  Costs  and  Present  Value  Costs 


Aircraft  Category 

Piston-Single 

Piston-Multi 

Turbine 

Total 

Avionics  Cost  per  A/C 

$ 3901 

$ 4890 

$ 7125 

— 

j Maintenance  Cost  per  A/C 

156/yr 

196/yr 

285/yr 

— 

.Total  Avionics  Cost 

19.341M 

10.142M 

209.083M 

$238. 566M 

'Total  Maintenance  Cost 

13.15PM 

6.896M 

86.389M 

106.437M 

'Total  Cost 

32.493M 

17.038M 

295.472M 

345.003M 

[1976  Present  Value  Cost 

$12.325M 

f 6.463M 

■$  76.400M 

$ 95.188M 

T e rmin aj_ Area  A i rl in e Bene fi t s 

User  terminal  area  benefits  were  projected  over  the  twenty-five  year  period 
for  air  carrier  operators  from  two  primary  data  sources.  First,  previous  analyses 
[8]  have  quantified  the  benefits  which  will  become  available  to  air  carrier  oper- 
ators at  major  terminal  areas.  Second,  the  Office  of  Aviation  Policy  [1]  has 
provided  detailed  projections  of  both  operations  counts  at  the  major  terminals 
and  of  the  distribution  of  operations  by  aircraft  category  at  each  individual 
terminal.  These  data  coupled  with  the  RNAV  equipage  schedule  (see  Table  4.1) 
are  combined  to  determine  annual  benefits  for  each  year  from  1982  through  2000, 
and  the  total  present  value  benefit. 

The  operations  projection  data  from  Reference  1 are  illustrated  in  Table 
4.9.  The  items  provided  which  are  of  interest  are  total  itinerant  operations 
and  air  carrier  itinerant  operations,  plus  the  air  carrier  fleet  participation 
at  that  airport  by  aircraft  group  for  each  year  given.  In  the  earlier  study  [8] 
a few  major  terminals  were  studied  (EWR,  JTK,  LGA,  PHL,  DEN,  SFO,  MIA,  MSY , ORD) , 
and  RNAV  benefits  in  terms  of  fuel  and  time  savings  for  each  aircraft  type  were 
computed.  In  that  study  a procedure  for  extrapolating  benefits  to  other  airports 
was  developed,  which  was  based  on  a traffic  count  parameter.  The  parameter 
used  was  the  remainder  after  general  aviation  itinerant  operations  are  subtracted 
from  air  carrier  itinerant  operations,  which  results  in  a measure  of  air  carrier 
dominance  at  the  terminal.  Since  the  GA  itinerant  parameter  was  not  provided 
in  the  AVP  data,  a new  method  of  extrapolation  was  developed  so  that  benefits 
could  be  estimated  at  many  more  airports  than  the  nine  which  were  studied  in 
detail.  In  this  case,  as  in  the  earlier  study,  the  extrapolation  equation  was 
developed  through  regression  analysis.  The  operations  count  data  source  used 
in  Reference  8 and  the  current  study  for  the  regression  analysis  is  "FAA  Air 
Traffic  Activity.  CY1974  ",  Reference  47.  Various  combinations  of  those  data 
items  from  Reference  47  which  are  also  available  in  the  AVP  traffic  projections 
[1],  and  which  represent  in  some  way  the  measure  of  ai r carrier  traffic  dominance, 
were  tried  in  order  to  find  a substitute  extrapolation  relationship.  A measure, 
root-mean-square  error  of  the  curve-fit  estimate,  was  used  to  evaluate  the 
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Table  4.9  Terminal  Projection  Data  [1]  --  Denver 


YEAR 

1975 

1980 

1 985 

1990 

1995 

2000 

Air  Carrier  Opns. 
Itinerant  Opns. 
Total  Opns. 

203000 
372000 
39  7000 

249000 

442000 

464000 

295000 

493000 

498000 

341000 

500000 

500000 

377000 

500000 

500000 

377000 

500000 

500000 

4EWB  X 

1 

1 

0 

c 

3 

4 

6 

3EWB  T 

7 

11 

15 

19 

22 

26 

4ESB  X 

9 

3 

_ 

- 

- 

- 

3ESB  X 

44 

45 

42 

37 

40 

42 

2ESB  ■ 

!3_i  1} 

41 

. 

34 

26 

quality  of  the  resulting  curve-fit  relationship  in  each  case.  The  parameter 
finally  settled  upon  as  the  extrapolation  variable  was  the  ratio  of  air  carrier 
operations  to  total  itinerant  operations.  Use  of  this  ratio  parameter  actually 
resulted  in  a lower  root-mean-square  error  than  the  parameter  used  in  the 
earlier  study  [8],  which  was  air  carrier  operations  minus  GA  itinerant  opera- 
tions. The  resulting  errors  are  stated  in  Table  4.10. 

Table  4.10  Regression  Fit  Root-Mean-Square  Error  Comparison 
(Fuel -Pounds , Time-Minutes) 


Aircraft  Category 

4EWB 

3EWB 

4ESB 

3ES8 

2ESB 

Fit  Parameter: 

E ue  1 

T i me 

E ue  1 

T i me 

Fuel 

T i me 

la?). 

T i me 

Fuel 

Time 

'Air  Carrier-GA  itin.  [8] 

48.4 

.090 

24.5 

. 082 

5.9 

.074 

10.3 

.076  1 

14.4 

.075 

[Air  Carrier/Tota 1 Itin. 

24.2 

.037 

1 7.2 

.033 

14.8 

.013 

6.4 

.039 

13.9 

.044 

The  regression  curve  fits  were  applied  to  the  traffic  projections  for  all 
of  the  sixty  large  and  medium  hub  airports  identified  in  Reference  8,  except 
for  EWR,  LGA,  JFK  and  ORD.  As  discussed  in  that  report,  these  are  highly 
special  cases  which  do  not  conform  with  the  results  obtained  for  the  more  ordinary 
terminals.  Therefore,  the  raw  results  of  the  RNAV  benefits  analysis  were  used 
directly,  rather  than  the  curve-fit  data,  for  those  four  airports. 

As  a part  of  this  task  it  was  necessary  to  project  the  timing  and  order 
in  which  RNAV  procedures  would  be  established  at  the  high  and  medium  density  hub 
airports.  Since  the  establishment  of  RNAV  procedures  will  involve  airspace 
restructun ng , route  design  and  analysis,  procedure  definition  and  controller 
education,  they  cannot  all  be  implemented  at  one  time,  but  will  be  phased  in. 

A schedule  for  implementation  was  developed,  which  is  listed  in  Table  4.11. 
Basically,  the  airports  are  implemented  in  order  of  decreasing  s:\;  v of  total 
U.S.  enplanements , as  obtained  from  Reference  48.  Trie  purpose  is  to  cause  most 
airports  with  significantly  large  traffic  volumes  to  hove  RNAV  procedures  by 
1984. 


The  procedure  used  to  project  RNAV  benefits  for  any  given  year  is  as  follows: 
First,  those  airports  which  woulc  have  RNAV  procedures  are  identified  from 
Table  4.11.  Then,  *or  a given  airport,  the  traffic  demand  data  for  the  year  in 
question  would  be  taken  from  a table  for  the  airport  (like  Table  4.9),  using 
interpolation  where  necessary.  Number  of  operations  for  each  aircraft  category 
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Table  4.11  RNAV  Terminal  Implementation  Schedule 
(High  and  Medium  Density  Hubs) 


Implementation 

Year 

Share  of  U.S. 
Enplanements 

Ai rports 

1982 

>5.0% 

NY  (EWR,LGA,JFK) , ORD,  ATL,  LAX 

1983 

>2.5% 

DEN,  MIA,  SFO,  BOS,  UFW,  OCA,  IAO,  FLL 

1984 

>1.07 

MSY , PHL,  CLE,  DTW , I AH , PIT,  STL,  MCI, 

1 

MSP,  TPA,  SEA,  'AS 

1985 

>0.65% 

CVG , MCO , PDX , MEM,  PHX,  SAN,  BAL 

1986 

>0.50% 

BDL , BUT,  IND,  CLT , MKE , SLC,  CMH 

1987 

>0.35% 

JAX , SDF , SAT,  ABQ , DAY,  BNA,  ORF , OKC, 

OMA,  ROC,  SYR 

1988 

<0.35% 

SMF,  ALB,  BHM,  DSM,  ELP,  TYS,  PVD,  RDU , 

™L _ 

would  be  generated  from  the  fleet  mix  data  (again.  Table  4.9).  The  per  oper- 
ation benefit  would  be  derived  from  the  regression  equations  for  that  aircraft 
type.  The  air  carrier  fleet  equipage  schedule  (Table  4.1)  would  then  be  con- 
sulted to  determine  the  percent  of  that  aircraft  category  which  are  RNAV  equipped 
and  so  would  get  benefits.  Thus  the  total  benefits  for  tnat  aircraft  category, 
and  the  total  for  that  airport,  may  be  computed. 

In  order  to  express  these  terminal  area  fuel  and  time  benefits  in  dollar 
terms,  values  for  fuel  cost  and  aircraft  direct  operating  cost  (less  fuel) 
per  hour  must  be  estimated.  Historic  data  describing  these  costs  is  available 
from  the  Civil  Aeronautics  Board  (Reference  45)  for  1975  and  earlier  years. 
However,  appropriate  values  for  future  benefits  evaluation  are  not  easily  de- 
fined. First  of  all,  the  future  price  of  fuel  is  subject  to  much  speculation. 
Secondly,  different  air  carriers  will  treat  the  value  of  aircraft  time  differ- 
ently, including  or  discarding  various  items  in  the  direct  operating  cost 
formula.  Therefore,  for  purposes  of  these  analyses,  two  different  sets  of  fuel/ 
time  cost  levels  will  be  used  in  an  effort  to  bound  the  expected  degree  of 
benefit  in  a realistic  manner.  From  [45],  the  average  1975  fuel  cost  was  about 
28<t  per  gallon,  while  published  reports  indicate  that  it  is  closer  to  30£  per 
gallon  this  year.  Therefore,  a fuel  price  range  of  244  to  36<t  per  gallon  was 
used  for  this  study.  The  two  aircraft  time  cost  levels  were  defined  as  follows: 
The  high  cost  was  determined  by  subtracting  fuel  costs  from  total  hourly  direct 
operating  costs,  using  the  1975  CAB  data  [45].  The  low  time  cost  was  derived 
by  subtracting  depreciation  and  rentals  as  well  as  fuel  cost  from  total  hourly 
DOC,  and  then  further  reducing  the  remainder  20%.  The  resulting  aircraft  time 
cost  values  are  given  in  Table  4.12. 

Table  4.12  Aircraft  Hourly  Cost  Values  Used  ;n  Projections 


I Category 

I 4EWB 

3EWB  T 4ESB  1 

3ESB  J 

370  , 

1 2ESB  ] 

* High  (DOC  less  Fuel ) 

| Low  (less  Dep.  + Rentals  + 20%) 

| $18101 
899 

$1307!sT73  ! 
6 48  i 484  j 

$544  1 

Lift! 
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The  sum ni'iry  results  of  the  airline  tormina I benefits  analysis  are 
presented  in  Table  <1.13.  The  total  dollar  value  ol  benefits  accumlated  over 
the  years  from  1982  to  2000  are  listed  for  each  aircraft  category.  Also,  the 
present,  value  (19/6)  of  the  benefits  is  listed.  Appendix  1 lists  the  detailed 
benefit  data  on  a year-by-year  basis. 


Table  A.  13  Overall  Air  Carrier  terminal  RNAV  benefits,  1982  .’000 


41  WB 

31  WB 

41  SB 

31  SB 

2E  SB 

HUAI 

Fuel  Savings  (gaT) 

Time  Savings  (hr) 

t>80M 
20  4 K 

923M 

440K 

44M 

23K 

86  2 M 
683K 

B0/M 

494K 

30?  2 M 

1844K 

Total  Dollar  Value: 

Low  Cost  Assumption 
High  Cost  Assumption 

$348M 

6 IBM 

$50 /M 
908M 

$22M  !$460M 

34 M 1 728M 

$29 1M 
4B1M 

$16?ZM 

2738M 

1076  Present.  Value: 
low  Cost  Assumption 
High  Cost  Assumption 

$ /BM 

1 34M 

$ 1 1 2M 
20 1M 

$ /M  $105M 

1 i’M  16/M 

$ /0M 
108M 

$ 3/1M 
62?M 

inroute  Airline  benefits 

Ibis  section  describes  the  basic  method  by  which  the  enroute  route  length 
benefit  to  high  altitude  users  was  projected  over  the  years  from  1982  to  <1000. 
The  enroute  route  length  benefit  has  been  determined  to  be  1.61.  in  Reference  8. 
This  was  estimated  by  comparing  an  experimental  RNAV  route  structure  to  the 
existing  V0R  structure,  and  expressing  the  distance  savings  in  terms  of  a per- 
cent of  enroute  distance  (stage  length  less  terminal  radius).  The  enroute 
analysis  was  based  upon  a comparison  of  the  present  jet  route  structure  with 
<i  candidate  RNAV  route  structure  which  was  developed  spocifical ly  for  purposes 
of  analysis.  In  the  analysis,  route  length  benefits  were  computed  for  each  ol 
more  than  400  city  pairs.  These  wore  then  aggregated  based  on  airline  demand 
for  each  city  pair.  Also  considered  were  the  effects  which  restricted  areas 
have  on  present  as  well  as  RNAV  routings.  Weather  considerations  wore  factored 
in  through  analysis  of  available  routes  and  preferences  based  on  minimum  flight 
times  considering  wind  conditions.  In  order  to  project  benefits  for  any  given 
year,  the  number  of  operations  and  average  s facie  length  for  each  aircraft 
category  must  be  known.  The  basic  data  sources  used  for  this  study  were  the 
projected  air  carrier  fleet  mix  (Table  4.2)  from  [lj,  the  projection  of 
domestic:  fleet  fractions  described  earlier  (see  Table  4.4),  the  air  carrier 
Meet  eguipage  schedule  (Table1  4.1)  and  historic  operations  and  stage  length 
data  from  the  CAB  [4!>1.  Reference  1 did  not  provide  annual  operations  count 
and  stage  length  on  an  aircraft  category  basis,  necessitating  the1  usage  of 
historic  data. 

the  19/B  CAB  statistics  [4B|  were  analyzed  in  order  to  determine1  the 
a vi? rage  annual  number  of  departures  performed  per  aircraft  by  each  category  of 
aircraft  in  domestic  operations.  Also,  the  average  domestic  stage  length  for 
each  category  was  computed.  The  resulting  data  are  stated  in  Table  4.14. 


Table  4.14  Domestic  Departures  and  Stage  Length  [46] 


4rwn 

31  WB 

’ 41  SB 

31  SB 

•'l  SB  | 

Domestic  Departures 

823.4 

1238.4 

1 1341.3 

21 04 . 5 

3200.9 

Avc'rage  Stacje  length 

I /go . 

1012. 

| 930. 

!>?3 . 

289. 
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The  enroute  portion  of  the  fli<|ht.  in  each  case  was  estimated  L>y  suht rac t i mi 
ninety  miles  from  the  stage  length  to  account  for  origin  and  departure  airport 
radii.  The  resulting  enroute  distance  was  multiplied  by  1.61  by  the  number 
of  departures  and  by  the  number  of  domestic  aircraft  scheduled  to  be  equipped 
for  a given  year  to  qet  enroute  distance  saved  for  that  aircraft  type  for  that 
year.  To  convert  distance  saved  to  fuel  and  time  quantities,  average  enroute 
speed  and  fuel  consumption  must  be  known.  Values  for  these  items  were  derived 
from  aircraft  performance  handbooks  .it  cruise  altitude  under  nominal  conditions, 
as  described  in  Reference  9.  The  per  mile  fuel  and  time  consumption  rates  used 
are  stated  in  Table  4.15.  The  overall  fuel,  time  and  cost  savings  results  are 
summarized  in  Table  4.16.  Detailed  year-by-year  results  are  listed  in  Appendix  F. 

Table  4.15  Aircraft  Fuel  and  Time  Per  Mile  (enroute) 


4FWB 

3EWB 

4ESB 

3ESB 

2ESB 

Fuel  Consumption  (lb) 
Time  (min) 

46.  7 
0.1231 

32.0 

0.1252 

26.4 

0.1294 

18.0 

0.1279 

12.8 

0.1328 

Table  4.16  Overall  Air  Carrier  Enroute  RNAV  Benefits,  1982-2000 


4FWB 

3FWR 

4ESB 

3 FSB  | 2FSR 

TOTAL 

Fuel  Savings  (gal) 

Time  Savings  ^hrj 

70 1M 
197K 

1692M 

705K 

144M 

75K 

1014M 
76  7 K 

1 8 1 M 

200K 

3732M 

J9.45JL 

Total  Dollar  Value: 

Low  Cost  Assumption 
High  Cost  Assumption 

$346M 

610M 

$ 86  3M 

1 5 3 1 M 

$ 71M 
11UM 

$ 52  7M 
834M 

$ 11 2M 
. 174M_ 

$ 1 9 1 9M 
3252M 

1976  Present  Value; 

Low  Cost  Assumption 
Uiflh  Cost  Assumption 

$ 75M 

1 33M 

$ 1 73M 
30  7 M 

$ 20M 
30M 

$ 129M 

204M 

$ 28M 
44  M 

$ 425M 
718M 

Airline  VNAV  Descent  Benefi ts 

Descent  procedures  have  been  under  study  by  airlines  in  recent  years  as 
a result  of  the  fuel  conservation  potential  available  through  improvements 
in  procedures.  The  objective  is  to  initiate  a standard  descent,  from  cruise 
altitude  at  the  last  possible  moment  which  will  insure  arrival  at  the  point 
prescribed  by  ATC  at  the  required  altitude.  This  may  be  approximated  through 
the  use  of  various  procedures  and  flight,  planning  aids;  however.  VNAV  techniques 
should  provide  more  accurate  control  of  descent  initiation  point,  and  result 
in  a net  savings  in  fuel  and  time.  In  Reference  8 VNAV  descents  were  analyzed 
in  detail  in  order  to  quantify  the  degree  of  benefit  to  be  expected  per  descent 
operation.  The  results  are  presented  in  Table  4.1/.  They  were  derived  from 
an  analysis  of  the  nine  airports  studied  in  determining  terminal  RNAV  benefits. 


Table  4.17  VNAV  Savings  per  Descent  Operation  [8] 


4EWB  ~ 

3EWB 

4ESB 

3 E SB 

21  SB 

Fuel  (lb) 
Time  (min) 

56.7 

0.132 

55.8 

0.239 

81.3 

0.340 

44.7 

0.305 

49.9 

0.459 
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The  determination  ot  overall  VNAV  descent  benefits  tor  the  years  1983-3000 
was  accomplished  in  much  the  same  manner  as  the  en route  route  length  benefits 
analysis,  since  the  same  data  sources  are  required.  Once  the  number  of  aircraft 
departures  for  each  aircraft  category  has  been  calculated,  it  is  multiplied  by 
the  descent  benefit  values.  Ihe  overall  results  are  presented  in  Table  4.18. 
Detailed  year-by-year  results  are  listed  in  Appendix  f. 


Table  4.18  Overall  Air  Carrier  VNAV  Descent  Benefits,  1982-2000 


4EWll 

31 WB 

4ESB 

3ESB 

2ESB 

TOTAL 

Fuel  Savings  (gal) 

31 M 

199M 

33M 

360M 

22 1M 

84  3M 

Time  Savings  (hr) 

8K 

91 K 

15K 

262K 

216K 

592K 

Total  Dol lar  Value: 

Low  Cost  Assumption 

$ 1 4M 

$106M 

$1 5M 

S184M 

$1 27M 

$44  7M 

High  Cost  Assumption 

2bM 

190M 

23M 

290M 

197M 

726M 

1976  Present  Value: 

Low  Cost  Assumption 

$ 3M 

S 2 1M 

$ 4M 

$ 4SM 

$ 32M 

$ 1 0 5M 

High  Cost  Assumption 

5M 

38M 

6M 

/ 1M 

50M 

1 70M 

Airline  4D  RNAV  Benefits 

Tne  usage  of  area  navigation  equipment  to  provide  accurate  time-of-arrival 
control  (called  4D  RNAV)  in  the  context  of  a Metering  and  Spacing  (MAS) 
environment  has  been  shown  (see  Section  2.3)  to  have  the  potential  for  improving 
the  ability  of  MAS  to  space  aircraft,  and  therefore  to  reduce  arrival  delays. 

In  an  earlier  effort  to  quantify  the  delay-reducing  impact  to  be  expected 
(Reference  8),  a simulation  technique  was  utilized  to  predict  arrival  delays 
in  an  MAS  environment  in  the  mid-1980's.  This  simulation  technique  utilized 
a model  of  airport  operations  which  considered  the  following  factors: 

• The  arrival  aircraft  traffic  demand  pattern  (hourly)  typical 
of  a given  airport 

• The  aircraft  type  mix  pertinent  to  the  airport 

• Th(>  in-trail  minimum  separation  requi remen ts  for  each  type  of 
aircraft  in  use  (3/4/5  mile  separation  criteria  in  effect  at 
that  time) 

• Typical  approach  speeds  of  each  aircraft  type 

• expected  manual,  MAS  and  4D  MAS  ATC  performance  capabilities 
anticipated  (discussed  below) 

e Actual  historic  demand/delay  data  for  the  airport,  tor  model 
cal i brat  ion 

Delay  conditions  at  eight  airports  (ORD,  Jf’K,  IDA,  I'WR,  PHL , MIA.  DIN, 

SFO)  were  analyzed,  and  the  results  were  extrapolated  over  a total  ot 
twenty-four  a i rpnrts  which  are  logical  candidates  tor  4D  procedures.  In 
that  study  the  delivery  accuracies  determined  to  be  representative  of 
automated  MAS  and  of  4D  MAS  systems  were  llsoc.  and  5 sec.  respectively 
(1  ),  and  the  41)  benefits  estimation  was  taken  as  the  difference  in  the 
amount  ot  delay  which  resulted.  It  is  the  conclusion  ot  this  study  (Section 
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2.3)  that  t ho  automated  MAS  system  should  be  capable  of  a delivery  accuracy 
of  8 sec.  rather  than  11  sec.  The  net  effect  of  this  improved  MAS  capability 
of  concern  here  would  be  a reduction  in  the  degree  of  benefit  resulting  from 
the  usage  of  the  4D  capability.  However,  this  benefit  would  still  be  substantial. 

T ho  approach  used  in  projecting  benefits  to  the  year  2000  was  to  first  re- 
evaluate expected  benefits  per  operation  at  the  twenty-four  domestic  high  delay 
airports  (based  on  the  8 sec.  accuracy)  for  the  year  198b,  and  then  to  project 
these  over  all  RNAV  operations  at  those  airports  for  the  remaining  years  in  a 
manner  similar  to  that  used  in  the  analysis  of  terminal  area  benefits,  described 
earlier.  The  reevaluation  of  benefits  was  performed  by  recomputing  delay 
conditions  at  the  eight  primary  airports  based  on  the  eight  second  MAS  accuracy, 
and  extrapolating  the  results  to  the  remaining  sixteen  terminals.  The  results 
of  this  extrapolation  are  presented  in  Table  4.19,  which  may  be  compared  with 
Table  3.29  in  Reference  8.  These  results  were  based  upon  the  traffic  demand 
projected  for  198b,  which  was  taken  to  be  the  initial  year  4D  operations  would 
be  implemented.  That  implementation  date  was  chosen  for  two  reasons:  to  allow 
time  for  the  development  of  MAS  systems  which  are  4D  RNAV-conipat i ble , and  since 
198b  is  the  first  year  where  nearly  all  airline  operators  would  be  RNAV-eguipped, 
therefore  allowing  the  maximum  benefit  from  4D  to  be  realized. 

Operations  rates  at  most  of  the  twenty-four  airports  considered  are  projected 
to  increase  after  1985.  It  could  therefore  be  presumed  that  delays,  and  so  the 
40  RNAV  benefit,  would  also  increase.  However,  such  an  increase  in  40  benefit 
is  not  reflected  in  the  results  presented  below.  The  reasoning  is  that  there 
are  several  factors  which  should  act  to  reduce  delays,  or  act  to  slow  the  growth 
of  delays,  over  this  time  period.  Several  of  these  factors  are  features  of  the 
Upgraded  Third  Generation  System.  Therefore,  it.  is  difficult  to  anticipate  the 
exact  trend  of  delays  at  such  distant  points  in  time,  for  purposes  of  projecting 
benefits  to  the  year  2000,  per-aircraft  40  benefit  has  been  taken  to  remain 
constant  at  the  1985  level,  even  though  traffic  is  projected  to  increase  dramat- 
ically. It  is  anticipated  that  this  entire  40  benefit  estimation  process  will 
be  refined  in  a subsequent  task  ot  this  RNAV  technical  support  task  order  contract. 

The  40  RNAV  benefits  projection  was  performed  by  multiplying  the  delay  time 
savings  given  in  Table  4.19  by  the  traffic  projections  at  each  of  the  airports. 
Results  are  expressed  on  an  aircraft  category  basis  by  considering  the  demand- 
mix  data  for  each  airport  (see  Table  4.9),  and  the  fleet  equipage  projection 
(Table  4.1).  It  was  also  necessary  to  estimate  the  fuel  savings  which  would 
accompany  the  delay  time  savings,  fuel  consumption  in  each  aircraft  category 
was  determined  from  aircraft  performance  handbooks.  The  data  used  was  at  a 
standard  holding  condition  at  10,000  ft.  at  210  K.IAS.  The  res.  . mg  data  is 
shown  in  Table  4.20.  Overall  fuel,  time  and  dollar  savings  are  shown  in  Table 
4.21.  Detailed  year  by  year  savings  data  are  listed  in  Appendix  t . 
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Tab  Ip  4.19  1986  Airline  Per  Operation  Delay  Savings 


Airport 

Daily  Itinerant 
Arrivals 

40  Savings  per 
Operation  (min) 

ORD 

908 

2.00 

ATI 

830 

1.63 

JFK 

%7 

1 . 79 

IGA 

603 

1.28 

SFO 

542 

1.57 

LAX 

670 

3.02 

DEN 

404 

0.77 

PHL 

296 

0.44 

EWR 

264 

0.37 

MIA 

455 

1.01 

DFW 

563 

1.75 

DC  A 

315 

0.48  | 

PIT 

362 

0.62 

BOS 

404 

0.77 

! ci  r 

247 

0.34 

DTW 

32  b 

0.61 

MSY 

1/4 

0.23  | 

LAS 

200 

0.26 

STL 

358 

0.61 

FLL 

133 

0.18 

TPA 

196 

0.26 

MSP 

242 

0.33 

SEA 

216 

0.28 

BAL 

141 

0.20 

Table  4.20  Holding  fuel  Clow 


Aircraft 

Category 

Weigh! 

(Klb) 

Fuel  riow 
( lb/min) 

41  WB 

400 

246.3 

3EWB 

260 

170.9 

4ESB 

180 

148. 1 

3E  SB 

110 

100.0 

2ESB 

70 

66.4 

.1 

Table  4.21  Overall  Air  Carrier  4D  RNAV  Benefits,  1 985-2000 


1 

4CWB 

3EWB 

4FSB 

3ESB 

2 FSB 

TOTAL. 

fuel  Savings  (gal) 

600M 

92  3M 

46M 

833M 

37 1M 

2774M 

jTime  Savings  (hr) 

261 K 

576K 

33K 

889  K 

69bK 

2355K 

i Total  Dol lar  Value: 

Low  Cost  Assumption 

S379M 

$ 695M 

$2  7M 

$629M 

S294M 

$ 1 82 3M 

High  Cost  Assumption 

688M 

1086M 

42M 

844M 

458M 

3118M 

1976  Present.  Value: 

Low  Cost  Assumption 

$ 78M 

$ 1 26M 

$ 9M 

$11 8M 

$ 70M 

$ 40 1M 

High  Cost  Assumption 

142M 

229M 

14M 

U38M 

109M 

683M 
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4.2  ATC  Ilf NLF ITS  AND  COSTS 


Terminal  VOR  Maintenance  Savings 

In  Reference  8,  a detailed  study  was  nade  of  high  and  niedium  density 
terminal  areas  in  an  effort  to  determine  whether  low  altitude  and  terminal 
VOR  and  VORTAC  stations  may  he  removed,  given  that  RNAV  operations  come  to 
predominate  the  area.  The  study  considered  not  only  the  requirement  for 
area  coverage  VORTACs  as  opposed  to  point-to-point  VOR  route  coverage,  but 
also  provision  of  non-precision  approaches  to  satellite  airports  within 
the  terminal  area  boundaries  (4b  or  60  nm,  depending  upon  area  complexity). 

It  was  found  that  in  those  terminals  where  four  or  more  VORs  currently  exist, 
forty  percent  of  the  stations  could  be  removed,  resulting  in  a savings  of 
thirty-two  stations  in  the  twenty  high  density  terminal  areas,  plus  sixteen 
more  in  the  thirty-four  medium  density  terminal  areas.  Low  density  areas  were 
not  studied.  Removal  of  these  stations  would  result  in  several  types  of 
cost  savings:  maintenance  costs,  improved  land  usage  (or  disposal),  elimin- 
ation of  need  for  upgrading  equipment,  etc.  In  this  projection  of  ATC  cost 
savings,  only  the  maintenance  savings  were  considered;  the  conservative  assump- 
tion that  land  value  and  station  salvage  value  would  compensate  decommissioning 
costs  was  made.  The  annual  VORTAC  maintenance  cost  which  would  be  saved  per 
station  decommissioned  would  be  $48,600  [8].  This  figure  is  based  on  an 
assumption  that  all  stations  are  equipped  with  dual  VOR/TACAN  equipment  for 
sake  of  redundancy.  In  actual  fact,  at  present,  85  of  VORs  are  dual  and 
56:  of  TACANs  are  dual,  so  the  actual  maintenance  costs  (and  therefore  RNAV 
benefits)  may  be  somewhat  lower  than  stated. 

To  establish  a schedule  for  station  removal,  the  schedule  for  terminal 
RNAV  implementation.  Table  4.11,  was  used.  The  numbers  of  stations  to  be 
removed  each  year  are  listed,  along  with  annual  savings,  in  Table  4.22. 

Note  that  no  stations  are  removed  until  1985,  to  allow  users  to  equip  such 
that  the  RNAV  area  coverage  may  be  utilized. 

Table  4.22  VORTAC  Decommission  Savings,  1985-2000 


Year 

Stations  Removed 

Savi  rigs 

1985 

36 

$1 746K 

1 986 

5 

1989k 

1987 

O 

2086  k 

1988 

5 

2328k 

1989 

0 

2328k 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2000 

0 

2328k 

TOTAL 

48 

$36 ,084K 

1976  PV  Savings 

$ 8,034k 

Terminal  Controller  Productivity  Savings 

larlier  studies  [49,  15]  have  investigated  terminal  and  enroute  ATC  controll 
productivity  and  the  improvements  to  controller  workload  which  can  result  from 
the  implementation  of  RNAV  as  the  major  navigation  system.  These  studies  have 


4-16 


indicated  that,  when  RNAV  i',  fully  ;"iplemented.  <iver.il  i ontrol  lee  productivity 
improvements  of  10  (terminal)  and  14  (enrouta  centers)  will  result.  In  order 
to  interpret  what  these  results  mean  in  terms  of  savings  in  staff  salaries  and 
benefits,  it.  is  necessary  to  have  estimates  of  staffing  levels  over  the  next 
twenty-five  years.  It  is  also  necessary  that  such  estimates  reflect  the  pro- 
ductivity improvements  which  will  result  from  other  UG3R1)  features  so  as  to  not 
overestimate*  the  RNAV  savings,  furthermore,  any  effect  ot  UG3R0  features  on 
RNAV  fiercer) t contribution  must  he  recognized. 

A study  has  been  performed  (Reference  f»0)  wherein  overall  staffing  levels 
to  the  year  2000,  given  that  the  UG3R0  is  implemented,  are  projected.  This 
study  presumed  the  implementation  of  UG3RD  would  occur  basically  in  two  phases 
with  the  latter  phase,  which  includes  Control  Message  Automation,  to  occur 
beginning  in  198b.  A review  of  the  UG3RD  features  has  shown  that  most  of  the 
features  will  not  significantly  affect  the  ability  of  RNAV  to  reduce  controller 
workload.  However,  Control  Message  Automation,  by  drastically  reducing  commun- 
ications workload,  may  have  the  effect  of  diminishing  the  ability  of  RNAV  to 
further  reduce  workload.  Since  there  is  no  significant  analytical  or  simulation 
data  available  under  these  conditions,  the  resultant  effect  must  be  estimated. 

To  be  on  the  conservative  side,  it  is  assumed  herein  that  the  controller  pro- 
ductivity improvement  attributable  to  RNAV  is  reduce  50‘T  when  CMA  is  implemented. 

To  compute  the  RNAV  impact  on  terminal  controller  staffing  levels  at  the 
twenty-six  cities  studied  in  [50],  the  RNAV  implementation  schedule  in  Table 
4.11  was  utilized,  along  with  the  projected  staffing  levels  given  in  [50].  Thus, 
RNAV  savings  will  phase-in  as  RNAV  implementation  proceeds.  CMA  was  presumed  to 
he  initially  started  in  1985  and  phased-in  through  1990.  The  resulting  staff 
position  savings  due  to  RNAV  are  listed  in  Table  4.23  along  with  total  savings 
to  year  2000,  using  the  annual  value  of  $24,795  for  controller  salary  plus 
benefits  from  that,  reference. 

Table  4.23  Terminal  Area  RNAV  Staff  Savings,  1982-2000 


Year 

Staff  Required 
without  RNAV 

RNAV  Savings 

1982 

1 330 

34 

1 983 

1311 

64 

1 984 

1294 

115 

1985 

1279 

107 

1986 

1 1 98 

94 

1987 

1113 

76 

1 988 

1023 

58 

1 989 

931 

38 

1990 

834 

39 

1891 

847 

40 

199? 

860 

41 

1993 

873 

42 

1994 

886 

43 

1995 

89‘> 

44 

1996 

90/ 

44 

1997 

916 

45 

1998 

924 

46 

1999 

933 

46 

2000 

941 

4 7 

T0TAI  SAVINGS 

1063  Man-Years 
.$16  4M 

1 9 /(.  (’V  Savings 

$ 8 0M 

Enroute  Controller  Productivity  Savings 

In  Reference  SO,  the  future  stuffing  level  ini|t,u  I of  the  HG3RD  for  the 
twenty  enroute  centers  was  projected  to  the  year  2000.  The  impact  of  RNAV  in 
the  enroute  environment  has  been  estimated  t.o  be  14  , as  stated  earlier. 
Control  Message  Automation  was  projected  in  that  reference  to  be  implemented 
enroute  in  1980  and  1990.  As  before,  CMA  is  presumed  (conservatively)  to  re- 
duce the  RNAV  benefit  by  SOT,  to  a 7T  productivity  improvement.  The  resulting 
projected  staffing  levels,  and  the  RNAV  savings,  are  listed  in  Table  4.24. 

It  should  be  noted  that,  if  CMA  were  not  to  be  implemented,  or  were  to  be 
delayed,  the  total  RNAV  savings  would  be  much  greater. 

Table  4.24  Enroute  RNAV  Staff  Savings,  1982-1999 


Year 

Staff  Required 
without  RNAV 

RNAV  Savings 

1982 

10574 

370 

1983 

8961 

627 

1984 

9167 

962 

1985 

9373 

1312 

1986 

9682 

1355 

1987 

11021 

1543 

1988 

1 1 948 

1788 

1989 

10712 

1168 

1990 

9476 

663 

1991 

9785 

685 

1992 

10094 

676 

1993 

10506 

735 

1994 

10918 

764 

1995 

11330 

793 

1996 

1 1 948 

836 

1997 

12566 

880 

1998 

13081 

916 

1999 

13493 

945 

TOTAL 

SAV 1 NGS 

17018 
$422. OM 

[ 1976  PV  Savings 

$120. 7M 

fn route  VORTAC  Costs 

In  Reference  8,  a detailed  study  of  VORTAC  requirements  for  enroute 
coverage  is  documented.  In  that  study  it  was  found  that,  the  high  altitude 
RNAV  route  structure  could  be  fully  supported  by  the  existing  VORTAC  structure 
with  the  following  modifications:  Two  now  stations  added,  plus  five  existing 
low  altitude  stations  converted  to  high  altitude  status.  The  costs  are  as 
fol lows : 


Implementation  (1982)  $ 59 7 k 
Maintenance-Annual  97k 
Maintenance-1982-2000  1 ,843k 
1976  Present  Value  Total  841 K 
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RNAV  Implementation  Costs 

The  costs  required  (in-house  and  contractual)  of  the  1AA  to  support  the 
implementation  of  RNAV  have  been  estimated  by  ARD-333  L44].  These  cost  values 
are  listed  in  Table  4.2b.  They  include  the  various  R&D,  training,  route  struc- 
ture development  and  iinplementat ion  and  coordinal,  ion  costs  required  for  suc- 
cessful implementation.  While  these  estimates  are  tentative  in  nature  due  to 
the  many  variables  which  may  impact  on  the  actual  costs  of  implementation, 
they  provide  a sufficiently  reasonable  estimate  for  the  purpose  of  this  report. 
As  such,  this  estimated  implementation  cost  ($19,B2bK)  has  been  used  in 
computing  the  FAA  cost-benefit  ratio.  However,  several  points  should  be 
emphasized: 

1)  Approximately  fifty  per  cent  of  the  total  estimated  costs  of 
iinplementat ion  have  boon  assumed  for  implementation  planning 
and  en  route  and  terminal  area  route  design  development . These 
costs  ($10,460K),  extended  over  six  years,  assume  both  rather 
extensive  use  of  contractor  support  for  fast-time  simulation 
and  analysis  efforts  primarily  ($3,2bOK)  and  240  man  years  of 
in-house  effort  by  the  I AA  ($/,2U0K),  estimated  broadly  at 
$30,000  per  man  year.  While  these  estimates  appear  reasonable 
for  a systematic  approach  to  the  development  and  implementation 
of  RNAV  routes,  other  approaches  to  the  implementation  of  RNAV 
routes  might,  be  taken  by  the  1 AA  that  could  reduce  these  costs, 
but  could  possibly  also  result  in  a less  systematic  and  delayed 
implementation. 

2)  A rather  large  training  program  has  been  assumed.  These 
estimated  training  costs  ($2, 100K)  extended  over  the  first  few 
years  of  the  program  assume'  that  specialized  RNAV  training  will 
be  required  initially.  After  the  initial  period,  it  is  then 
assumed  that  specialized  RNAV  training  course  requremonts  will 
be  reduced  and  eventually  totally  absorbed  as  a part  of  standard 
training  programs  at  no  additional  cost.  The  total  training 
cost  estimate  is  dependent,  upon  the  approach  taken  by  the  KAA 

and  may  be  reduced  depending  upon  the  degree  of  on-the-job  training 
that,  can  be  provided  as  a part  of  existing  facility  training 
programs . 

3)  It  has  been  assumed  for  the  purpose  of  estimating  implementation 
costs  that  soiix’  additional  AT C reset: tori  zat  ion  requirements  will 
be  created  by  the  inteqration  of  new  RNAV  routes  into  the  ATC 
system;  that  new  charting  requirements  will  be  added;  and  that 
flight  check  costs  will  be  increased  as  new  RNAV  routes  are 
implemented.  Since  resec  tori zat ion  occurs  as  a result  of  other 
factors  not.  related  to  RNAV  implementation,  it  can  be  assumed 
that  some  of  the  resec tori zat ion  which  might  be  required  by  RNAV 
as  routes  are  introduced  can  be  accomodated  at  the  same  time  that 
selected  sectors  are  being  modified  for  other  non-related  reasons. 
Thereby  the  cost  of  RNAV  related  resectori zati on  can  he  reduced 

to  some  extent.  It  has  further  been  assumed  that  some,  if  not 
all  existing  high  altitude  routes  would  he  phased  out  as  new  RNAV 
routes  (both  high  and  low  altitude  routes)  are  introduced.  At 
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the  same  time  VOR  route's  would  also  gradually  be'  phased  out  as 
RNAV  routes  are  increasingly  added  to  the'  system.  The  schedule 
by  which  ne'w  RNAV  routes  are*  introduced  and  the  number  and 
schedule  for  existing  routes  to  be  deleted  is  unknown  at  this 
time.  Therefore,  flight  check  costs  and  charting  costs  are  diffi- 
cult if  not  impossible  to  estimate  with  any  degree  of  accuracy 
today.  Not  withstanding  this  problem  it  has  been  necessary  to 
establish  some  broad  estimate  of  what  these  costs  might  be.  It 
has  therefore  been  estimated  that  the  combined  cost  of  ATC  sector 
reconfiguration,  flight  checks  and  charting  costs  directly 
attributable  to  RNAV  implementation  would  total  $7 ,265K  extended 
over  six  years.  ( i . e . , 1979  - 1984). 

4)  While  it  is  acknowledged  that  all  of  the  preceding  cost 
estimates  are  based  on  judgement  and  assumptions,  the  total 
implementation  cost  ($19 ,825K)  allows  for  adjustments  within 
the  individual  cost  components. 

5 ) In  any  event,  while  substantial  increases  in  the  actual  cost  of 
implementation  over  those  estimated  might  occur,  which  would 
affect  the  benefit/cost  ratio  of  9.9  (see  Section  4.4  below), 
actual  implementation  costs  would  have  to  rise  to  $33,t>00k  (or 
1.7  times  that  estimated)  to  reduce  this  cost  benefit  ratio 

to  6.0. 

Table  4.25  RNAV  Implementation  Costs 


Year 

Cost 

1977 

$ 850K 

1978 

1840K 

1979 

3520K 

1980 

4130K 

j 1981 

3130K 

• 1982 

2950K 

1983 

1225K 

1 1984 

1050K 

, 1985 

700K 

1 1986 

430K 

TOTAL 

$19 ,82~5K| 
$12,949Kj 

1976  P.V. 

4.3  AIR  CARRIER  PASSENGER  BENEFITS 

In  Section  4.1,  the  aircraft  time  savings  which  are  expected  to  result 
from  each  attribute  of  RNAV  (terminal  benefits,  enroute  route  length,  VNAV 
descents  and  4D  at  M&S  sites)  are  documented.  However,  these  time  savings 
are  also  experienced  by  the  aircraft  passengers  and  are  of  benefit  to  them. 
Recent  studies  which  compute  passenger  time  benefits  due  to  various  ATC  im- 
provements (such  as  Reference  51)  utilize  passenger  time  values  which  range 
from  $10  to  SIS  per  hour,  and  more.  In  this  report,  a value  of  $1?  per 
hour  shall  be  used.  The  resulting  passenger  time  benefits  are  expressed  in 
Table  4.26,  which  lists  aircraft  hours  saved,  average  passengers  per  aircraft. 


I 


I 


;■ 
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and  dollar  value  of  savings.  The  average  passenger  load  data  was  taken  from 
19/‘a  CAB  data  [4b j The  overall  savings  from  years  1982  through  2000  are 
588  million  passenger-hours  (67,000  passenger-years),  worth  over  $7  billion 
to  the  passengers  affected. 


Table  4.26  Air  Carrier  Passenger  Benefits,  1982-2000 


AIRCRAFT  HOURS  SAVED: 

4LWB  | 3EWB 

4LSB 

3ESB  n 

21  SB 

TOTAL 

60  Terminal  Hubs 

204 K ! 440K 

23K 

683  k 

494K 

1844K 

Route  Structure 

197K  1 705K 

75K 

767K 

200K 

1945k 

VNAV  Docents 

8K  | 91 K 

1 SK 

262K 

21 6K 

592K 

40  at  24  M&S  Sites 

261 K | 576K 

33K 

889  K 

596K 

2355K 

TOTAL  AIRCRAFT  HOURS 

6/OK  , 1812K 

j 

1 46K 

2601  K 

1506K 

6736K 

Average  Passengers/AC 

180.4  | 117.6 

77.4 

64.4 

50.3 

Passenger  Hours 

120.9MI  213. 1M 

11.3M 

167. 5M 

75.8M 

588. 5M 

Value  0 $12/Pass-Hr 

$ 1450M  $2557M 

$1 36M 

$201 0M 

$909M 

$7062M 

..  .. 

Present  ValuePassenger  Benefit 

$ 310M!  $ S32M 
L_ 

$ 41 M 
— 

$ 468M 

$221 M 

$1 572M 

4.4  PRFSENT  VALUE  BENEEIT/C0ST  ANALYSIS 

The  objective  of  this  section  is  to  quantify  the  attract i veness  of 
RNAV  implementation  from  the  standpoint  of  financial  planning.  This  requires 
the  expression  of  costs  and  benefits  in  terms  of  their  discounted  present  values 
and  then  in  terms  of  their  present  value  benefit/cost  ratio.  If  this  ratio 
equals  1.0.  the  cost,  expenditure  is  technically  justified.  B/C  (Benefit/Cost) 
ratios  significantly  exceeding  1.0  imply  a very  efficient  utilization  of 
investment  funds.  Discounting  procedures  specified  by  0MB  (Reference  43)  are 
used  in  the  following  including  the  use  of  a 10T  discount  rate. 


* 


Air  Carrier  Benefit/Cost  Ratio 


Since  both  air  crarrier  benefits  and  costs  have  been  well  defined,  it  is 
possible  to  compute  the  benefit/cost  ratios  for  air  carriers  independently  of 
other  factors.  Two  ratios  are  presented  which  represent  the  low  fuel/aircraft 
time  cost  assumption  and  the  high  cost  assumption  separately.  The  results  are 
stated  in  Table  4.27,  which  shows  overall  benefit/cost  ratios  of  2.9  and  5.0 
for  these  two  assumptions.  The  two  assumptions  should  cover  the  range  of  costs 
to  be  encountered,  although  the  higher  cost  assumption  should  more  nearly  account  for 

Table  4.27  Air  Carrier  Present  Value  Benefits  and  Costs.  1 982-2000 


4EWB 

3FWB 

. MSB  . 

3 FSB 

2ESB 

total  ' . 

P V Costs 

$49. 1M 

$210. 5M 

$12. 3M 

$123. 9M 

$46 . 3M 

$442. 2M 

PV  Benef i ts : 

Low  Cost  Assumption 

S232M 

$432M 

$ 40M 

$39  7M 

S200M 

S1302M  j 

Hicjn  Cost  Assumption 

41 4M 

776M 

62M 

630M 

31 1M 

2193M  j 

1976  B/C  Ratio: 

Low  Cost  Assumption 

4.7 

2.1 

3.3 

3.2 

4.3 

2 9 1 

[ High  Cost  Assumption 

8.4 

3.7 

5,0 

6.7 

5.0  | 

fc 

j 


actual  costs  and  most  airline  accounting  practices.  Such  high  B/C  ratios 
suggest  that  the  implementation  of  RNAV  is  an  extremely  wise  step  from  the  air- 
line point  of  view.  It  should  be  understood,  however,  that  the  individual 
economics  of  each  installation  would  be  even  better  than  shown  by  these 
figures.  This  is  a result  of  the  fact  that  the  present  analysis  considers 
a fixed  time  period  where  RNAV  equipment  is  continually  purchased  as  aircraft 
are  added  to  the  fleet,  even  though  those  equipped  later  do  not  have  the  oppor- 
tunity within  the  fixed  time  period  to  earn  a return  on  investment  for  as  many 
years.  This  effect  shows  up  strongly  in  the  case  of  the  3EWB  aircraft  where  the 
B/C  ratios  are  somewhat  lower  than  for  the  other  aircraft  types,  since  the 
rate  of  growth  of  the  3EWB  fleet  is  projected  to  become,  and  remain,  very  high 
throughout  the  period  to  year  2000  (see  Table  4.2  for  fleet  projections). 

ATC  System  Benefit/Cost  Ratio 

ATC  system  benefits  and  costs  have  also  been  well  defined,  and  so  the  RNAV 
ATC  B/C  ratio  may  be  computed,  as  in  Table  4.28.  The  result,  9.9,  is  extremely 
large,  and  in  view  of  the  benefits  to  the  airlines  exhibited  above,  highlights 
the  overall  attracti veness  of  RNAV. 

Table  4.28  ATC  Present  Value  Benefits  & Costs,  1982-2000 

PresenTl/a lue  Benefits  "TTT 36. 7M 

Present  Value  Costs 13.8M 

1976  Benefit/Cost  Ratio 9.9 


Overall  RNAV  Benefit/Cost  Assessment 

The  present  value  costs  and  benefits  shown  so  far,  plus  the  others  de- 
veloped in  this  study  are  summarized  in  Table  4.29.  The  other  factors  in- 
cluded are  the  present  value  airline  passenger  benefits  and  present  value 
general  aviation  user  costs.  GA  user  benefits  have  not  been  projected  through 
year  2000  in  this  study  since  the  forecast  data  necessary  were  not  available; 
this  results  in  a conservative  estimate  of  the  overall  B/C  ratio.  The  resulting 
overall  ratios  are  5.5  and  7.1,  which  of  course  are  quite  large.  Besides  GA 
benefits,  other  factors  which  tend  to  make  this  figure  conservative  include 
the  following:  First,  the  air  carrier  equipage  costs  used  were  high,  since 
(a)  highly  sophisticated  systems  were  presumed  for  the  wide  body  aircraft, 
although  they  are  not  necessary  to  derive  the  benefits,  and  since  (b)  dual 
RNAV  installations  were  presumed  in  all  air  carrier  aircraft.  Also  of  great 
significance  is  the  fact  that  recent  simulations  [37]  have  shown  tnat  RNAV 
can  improve  terminal  arrival  capacity,  reducing  delays  significantly  in  the 
process;  these  savings  have  not  been  included  in  this  analysis.  To  illustrate 
the  magnitudes  of  these  impacts,  the  substitution  of  single  RNAV  systems  for 
the  dual  airline  installations  would  boost  overall  B/C  ratios  from  5.5  to 
approximately  8.5,  and  7.1  to  approximately  11.0. 


Table  4.2‘ ) Overall  KNAV  Benefit/Cost  Ratios 


1 

1 

Low  Cost 
Assumption 

High  Cost 
Assumpt ion 

PV  Air  Carrier  Benefits 

PV  ATC  System  Benefits 

PV  Passenger  Benefits 

$ 130PM 

1 37M 

1572M 

S2193M 

1 37M 
1572M 

| TOTAL  PV  Benefits 

, - 

$301 1M 

$3902M 

PV  Air  Carrier  Costs 

PV  GA  Costs 

PV  ATC  System  Costs 

_ 

$ 442M 

95M 

14M 

$ 442M 

95M 

14M 

TOTAL  PV  Costs 

$ 551M 

$ 551M  ! 

[Benefit/Cost  Ratio 

h 5.5  ' H 

7.,  1 

A final  point,  of  significant  interest  regards  fuel  savings.  The  costs  of 
fuel  saved  are  included  in  the  above  figures.  However,  since  fuel  is  a limited 
resource,  the  total  magnitude  of  the  fuel  savings  to  the  year  2000  is  of  in- 
terest also.  This  savings  was  found  to  be  10,371  million  gallons.  This  amount 
significantly  exceeds  the  total  domestic  air  carrier  fuel,  consumption  for  197b, 
which  was  7279  million  gallons  [4b].  Shoul d^energy  conservation  efforts  be 
carried  to  the  point  where  growth  in  airline  services' is  curtailed,  the  over- 
all RNAV  benefit  in  terms  of  time  and  fuel  savings  may  be  somewhat  reduced. 

By  the  same  token,  such  a situation  could  result  in  extremely  high  fuel  prices, 
inflating  the  fuel  savings  dollar  benefit. 
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CONCLUSIONS 


The  conclusions  of  this  study  of  RNAV/UG3RD  interactions  are  presented 

below.  They  are  organized  according  to  the  UG3RD  program  area  affected. 

5.1  L)  I SC  RE  1 E ADDRISS  BEACON  SYSTI  M 

• The  adoption  of  a comprehensive  RNAV  route  structure,  and  the 
trend  to  preplanned  direct  flight  plans,  will  not  affect  the 
plans  for  DABS  site  locations  or  implementation  schedules. 

• The  DABS  data  link  feature  can  be  used  to  transmit  clearances 

and  control  messages  in  RNAV-compati ble  terms  with  no  modifications 
to  the  DABS  system  itself,  and  with  only  minor  changes  to  the 
NAS/ARTS  computer  software.  Different  (although  not  significantly 
more  costly)  airborne  DABS  control  message  displays  would  be 
required  for  RNAV  users  in  comparison  to  the  basic  radar  vector 
control  display.  Data  link  channel  usage  will  diminish  slightly 
as  RNAV  usage  becomes  widespread. 

• The  DABS  data  link  feature  could  potentially  be  used  for  providing, 
on  demand,  waypoint  data  to  RNAV  aircraft  desiring  such  service 
(Route  Data  Delivery  concept),  in  order  that  cockpit  procedures 
might  be  simplified.  This  would  not  increase  data  link  usage 

to  any  significant  extent,  although  there  could  be  a finite 
increase  to  the  NAS/ARTS  computational  workload  as  a result. 

• The  DABS  surveillance  and  data  link  functions  were  not  found  to 
be  necessary  to  the  successful  and  beneficial  implementation  of 
RNAV  as  the  primary  navigation  system. 

5.2  INTERMITTLNT  POSITIVE  CONTROL 

• The  trend  to  an  RNAV  environment  is  not  seen  to  have  any 
substantial  impact  on  IPC  usage,  although  any  such  impact  would 
definitely  take  the  form  of  a reduction  to  the  IPC  requirement. 

• The  IPC  function  should  recognize  the  beneficial  effects  which 
the  provision  of  RNAV,  or  RNAV-compati ble,  messages  woulo  bring 
to  IPC  and  its  potential  for  user  acceptance,  particularly  in 
terms  of  the  RNAV  ability  to  maintain  orientation  ana  facilitate 
return  to  original  course. 

5.3  FLIGHT  SERVICE  STATION  MODERNIZATION 

• Flight  service  automation  will  have  to  be  configured  to  process 
(including  error  and  route  discontinuity  detection)  RNAV  routes 

as  well  as  conventional  flight  plans,  although  this  simply  amounts 
to  a moderate  increase  in  data  base  size,  not  a complication  to 
system  logic  since  the  flight  plan  formats  are  very  similar. 
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• RNAV  has  virtually  no  el  tec  t on  t ho  preparation  ami  del  ivory  of 
mass  or  individual  weather  briefings,  oithor  pre-flight  or 
in-f  1 ight. 

• I ho  usa<|o  of  RNAV  rout,  os  will  havo  no  effect  upon  t tu*  transfer 
of  flight  plan  data  from  I SS  to  a f foe  ted  centers  and  IRACONs. 

• The  f SS  concept  could  ho  expanded  such  that  f 1 i y tit  planning 
services  could  be  provided  automatically  to  RNAV  users,  al though 
this  would  require  significant  changes  and  some  added  TSS 
capabi 1 i ties . 

.4  HIT, RADI  I)  Arc  All  I DMA  I ION 

• Based  upon  the  MAS  techniques  analyzed  in  this  study,  RNAV 
procedures  may  bo  integrated  within  a Metering  and  Spacing 
environment  without  creating  any  significant  procedural  or 
software  problems.  RNAV  and  conventional  (radar  vector)  traffic 
may  ho  mixed  freely  in  an  MAS  environment. 

• Arrival  time  control  capability  of  MAS  (H  seconds,  1><)  is  not 
affected,  either  positively  or  negatively,  hv  the  presence  of 
RNAV. 

• Aircraft  time  controllability  (range  of  delay  available  expressed 
on  a statistical  basis)  of  MAS  is  actually  improved  6 through 
the  use  of  RNAV  procedures. 

• The'  usage  of  RNAV  with  MAS  results  in  a net  decrease  in  controller 
workload  through  the  ability  of  RNAV  to  alleviate  the  rigorous 
discipline  of  a radar  vector  MAS  environment. 

• The  integration  of  -II)  RNAV  procedures  within  an  MAS  environment 
will  improve  all  performance'  measure's:  arrival  time  control 

(!i  sec.  In),  time  controllability  (CO  improvement),  and  controller 
workload  (reduced  message  count). 

• The  requirement  of  the  Control  Message  Automation  feature  to 
process  RNAV  as  well  as  conventional  control  messages  will  affect 
the  logical  design  of  parts  of  CMA,  but  will  not  significantly 
impact  overall  computer  storage  or  execution  time  resource 

requ i remen ts . 

• Ihe  Central  Flow  Control  system,  as  presently  planned,  is  not 
oriented  towards  specific  routes  of  flight,  and  so  any  RNAV  impact 
would  be  minimal. 

• RNAV  may  be  able  to  provide  increased  utilization  ot  existing 
Center  airspace  for  holding  arrival  aircraft;  this  and  other 
iir.tRP  improvements  mav  reduce  the'  dimension  of  the  CIC  problem. 


:>  Mil  ROWAVI  l AND  INI'.  '.YMIM 


• RNAV  delivery  errors  .il  the  KNAV/MI s coverage  interface  art' 
not  of  sufficient  magni  t uclt*  fo  cause  significant  transition 
prob  It'ins. 

• At  most  airports  where  wide  Drain  MIS  coverage  would  tie  installed 
to  support  noise  abatement  procedures,  KNAV  capabilities  may  be 
used  instead,  which  may  retime  wide- beam  MIS  implementation 
regu i remen t s . 

• In  all  but  very  exceptional  cases,  a true  "curved  profile"  is 
not  necessary  for  successful  implementation  of  noise  abatement 
approach  procedures.  Straight  1 me- seejment  profiles,  presuming 
ordinary  maneuver  anticipation  techniques,  may  be  substituted. 

a RNAV  H R noise  abatement  procedures  which  intercept  existing 
1LS  paths  may  be  instituted  immediately  at  many  airports. 

• MIS  elevation  data,  beinq  of  a cjeometric  rather  tlian  barometric 
nature,  induces  vertical  outdance  incompatibilities  which  increase 
with  altitude.  Ihis  problem  is  eliminated  it  barometric  data  is 
used  above  4000  feet  AGL , while1  approachinq  aircraft  transition 

to  MIS  elevation  data  below  that  altitude. 

• Much  of  the  route1  data  storage,  computational  and  display  require- 
ments of  RNAV  and  MIS  are1  in  common.  It  would  be  ot  siqnificant 
benefit  to  .lire  raft  operators,  and  theretoiv  to  the1  KNAV  and  MIS 
programs  themselves,  it  combined  KNAV/MI  S hardware1  wotv  to  be 
utilized.  I he  cost  of  a combined  system  would  not  be  much  higher 
than  the  cost,  of  an  MIS  system  alone. 

AlKI’ORl  SlIKIAll  I KAI  I U c ON  I ROI 

• 1 fie1  ASTC  proeiram  is  not  expected  to  be1  affected  by  RNAV  in  any  way. 

/ WAKi  V0R1I  X AVOIDANt  I SYS  1 1 M 

• T fit*  WVAS  program  is  not  affected  directly  b>  RNAV,  although  KNAV 
control  procedures  may  be1  beneficially  used  when  unant  n ipatod 
changes  in  the  vortex  conditions  at  any  airport  are  detected. 

1 Gl.NI.RAl  CONCI  lis IONS 

• No  UGJRD  program  elements  were  found  to  either  tie  rec|uired 

oi  to  significantly  mt.ertere  wi  f fi  ffir  successful  and  bene  i,  al 
imp  leim-nt  at  ion  ' RNAV  as  lie,1  primary  rtev  I r 1 1 I on  >vsten 

• An  I xtended  Capability  RNAV  c one  opt  deve  ip.-ci  m tins  stuck,  which 
requires  no  new  or  improved  navigation  aid  devo i cement  or  implement  a 
turn,  could  fit1  applied  to  s igm  f n ant  I \ improve  the  utility  o'  RNAY 
Instrument  Approach  Pro,  edures  by  allowing  redacc'd  M'.'A’s  and  lower 
visibility  mini ma . 


6.9  tit  Nl  f IT/COSI  ANALYSIS  CONCLUSIONS 


RNAV  benefits  anil  costs  wore  projected  to  the  year  2000,  as  explained 
in  Section  A.  These  dollar  values  w ere  discounted  to  19/6  present  values 
for  total  costs  and  benefits.  The  overall  results  are  as  follows: 

• ('resent  value  air  carrier  equipage,  etc.  costs  were  estimated 
at  approx  111a tely  $441/  million.  Benefits  due  to  airline 
operating  cost  savings  were  estimated  to  be  somewhere  in  the 
neighborhood  from  $1.30  billion  to  $2.19  billion,  depending 
on  the  interpretation  of  the  cost  factors  comprising  aircraft 
direct  operating  cost  to  be  included  in  computing  benefits. 
Therefore  the  projected  19/6  present  value  air  carrier  benefit./ 
cost  ratio  will  range  from  2.9  to  6.0,  depending  upon  the  same 
factors. 

• The  benefit/cost  ratios  discribed  above  represent  the  entire 
airline  industry  (domestic)  as  a whole,  but  are  not.  appropriate 
as  indicators  of  benefit/cost  ratio  pertaining  to  aircraft 
owned  by  individual  airlines.  For  those  cases  benefits  and 
costs  should  be  measured  over  an  aircraft's  lifetime.  In  the 
present  case,  they  were  computed  to  the  year  ?000,  and  all 
equipage  costs  for  aircraft  purchased  through  that  year  are 
included  on  the  costs  side  of  the  equation.  Thus,  benefit/ 
cost  ratios  presented  here  understate  the  case  on  an  individual 
basis. 

• RNAV  savings  in  terms  of  reduced  time  enroute  and  reduced 
terminal  delays  will  also  be  experienced  by  airline  passengers. 
The  overall  present  value  benefit  of  airline  passenger  time 
savings,  computed  at  a value  of  $12  per  passenger-hour,  is 
$1.6/  billion. 

• With  respect,  to  the  AIL  system,  RNAV  impacts  costs  and  savings 
in  several  ways.  Significant  cost  factors  include  the  RNAV 
implementation  process  itself  (present  value  cost.  $13  million) 
and  enroute  VORTAC  improvements  ($1  million).  Benefits  due 

to  cost  savings  include  terminal  VORTAC  savings  (present  value 
savings  $8  million),  terminal  controller  productivity  savings 
($8  million),  and  enroute  controller  productivity  savings 
($121  million),  resulting  in  an  overall  benefit/cost  ratio  of 
9.9. 

• Overall  1976  present  value  RNAV  costs,  including  those  to  AiL, 
the  airlines  and  general  aviation,  over  the  period  to  2000  are 
$661  million.  Overall  domestic  RNAV  benefits,  to  air  carriers, 
their  passengers  and  the  ATC  system  range  from  $3.01  to  $3.90 
billion  resulting  in  an  overall  benefit/cost  ratio  ranging 
from  6.6  to  7.1. 


• The  present  value  benefit  cost  ratios  found  in  this  study, 
which  ran<|e  from  2.9  to  9.9,  are  extremely  high.  Many 
projects  and  programs  are  considered  justified  where  the 
ratio  only  slightly  exceeds  1.0,  or  even  where  it  is  less 
than  1.0  and  other  (non-guantif iable)  benefits  are 
expected  to  result.  Many  non-guantified  benefits  also 
are  expected  from  RNAV,  including  safety  enhancements  and 
improved  efficiency  of  operation.  All  of  these  factors 
speak  very  favorably  towards  early  RNAV  implementation. 
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RNAV  1 NIL  RAC T ION  WITH  UAHS/ 1 PC 


A. 1 DABS  SURVT I L LANCE  SYSTEM  IMPACTS 
INTRODUCTION 

The  Discrete  Address  Beacon  System  is  intended  to  eventually  replace  the 
existing  ATC  Radar  Beacon  System  as  the  primary  air  traffic  surveillance  tool 
in  the  U.S.  The  DABS  plan  includes  several  improvements  to  the  basic  second- 
ary radar  capability  besides  the  major  improvement,  discrete  addressing.  In 
particular,  improvements  in  antenna  design,  the  use  of  monopulse  techniques 
for  bearing  resolution  and  improved  ranging  techniques  will  result  in  much  more 
accurate  tracking  data.  The  use  of  discrete  addressing  and  improved  data  cod- 
ing techniques  will  greatly  enhance  track  reliability  and  integrity  by  elimin- 
ating much  of  the  noise  in  the  present  radar  environment  and  improving  signal 
noise  immunity.  The  DABS  radar  network  is  planned  to  achieve  widespread  im- 
plementation by  1 982  [1]  and  will  be  completely  implemented  by  1988.  Area 
navigation  is  also  expected  to  achieve  widespread  implementation  in  the  same 
time  period,  and  so  it  is  of  importance  to  examine  RNAV  procedures  and  require- 
ments in  order  to  determine  if  there  are  any  ways  in  which  RNAV  would  affect 
the  surveillance  performance  required  of  the  DABS  network. 

DABS  performance  measures  which  could  potentially  be  impacted  by  Area 
Navigation  include  tracking  accuracy,  track  update  rate,  tracking  reliability, 
coverage  area  and  redundancy  of  coverage,  minimum  coverage  altitudes,  antenna 
site  locations  and  site  implementation  schedule.  The  degree  to  which  these 
might  be  affected  is  highly  dependent  upon  the  particular  ATC  environment  of 
concern  and  types  of  procedures  used.  In  the  analysis  below  the  basic  environ- 
ments are  discussed  (enroute  IFR,  terminal  IFR,  and  VFR/IFR  mixed),  followed  by 
studies  of  special  RNAV  procedures  (VNAV,  40,  and  RNAV  approaches  to  off-site 
runways ) . 

ATC  ENVIRONMENTS 

Enroute  IFR 

The  basic  issues  to  bo  addressed  in  the  enroute  IFR  environment  (high  and 
low  altitude)  are  RNAV  separation  standards  and  route  locations.  The  separa- 
tion standards  would  potentially  impact  DABS  surveillance  accurn  . , whereas  the 
relocation  of  routes  due  to  RNAV  and  Preplanned  Direct  (PrO)  could  atfect  cover- 
age requirements  or  antenna  site  locations.  While  route  widths  in  the  enroute 
environment  are  anticipated  to  be  slightly  smaller  in  the  future  environment 
than  at  present  (constant  4 nm  compared  t.o  '4  nm  with  a 3.25°  splay  beyond  51  nm 
from  the  VORTAC  [2]),  the  stated  DABS  accuracy  specification  [3]  is  so  much 
narrower  than  the  route  width  that  such  a minor  improvement  in  route  width  re- 
quirement would  be  inconsequential  from  the  point  of  view  of  surveillance  for 
separation  assurance.  The  stated  accuracies  are  0.1"  in  azimuth  (0.17  nm  at 
100  nm)  and  100  ft.  in  range,  and  current  flight  test  results  [4]  indicate 
that  actual  performance  could  be  even  better  than  that. 
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T ho  other  issue  concerning  the  enroute  1FR  environment  is  whether  surveil- 
lance coverage  requirements  would  In'  affected  by  the  use  of  RNAV  (and  direct! 
routings.  If  so,  the  result  could  ho  that  changes  in  DABS  coverage  requirement, 
antenna  site  locations  or  implementation  schedule  would  be  needed.  If  such  a 
problem  were  to  exist.,  it  would  only  be  of  short  duration,  however,  since  plans 
call  for  redundant  coverage  of  almost  the  entire  CONUS  down  to  6000  feet  AGL, 
and  single  coverage  to  much  lower  altitudes  (2000  1000  feet  AG1  for  the  most 
part. ) , by  the  mid  to  late  1080‘s  [!>|.  In  the  high  altitude  environment,  RNAV 
routes  may  deviate  significantly  from  existing  route  locations.  However,  the 
origin  and  terminal  points  arc'  approximately  the  same  as  for  conventional 
routes,  and  so  no  problem  would  exist  except  in  the  areas  between  major  city- 
pairs.  These  are  also  the  areas  where  DABS  would  be  implemented  last,  since 
the  terminal  hub  areas  are  to  receive'  DABS  capability  first.  However,  the  high 
altitude  environment  is  also  the  area  wi th  the  least,  severe  surveillance  re- 
quirement, since  lonqitudinal  separations  are  large  (due  to  the  high  speed  air- 
craft) and  since  terrain  is  seldom  a problem  in  affecting  coverage.  This  en- 
vironment. is  currently  being  served  well  by  the  ARTCC  ATCRBS  net,  and  will  con- 
tinue to  be  until  replacement  with  DABS  sites  occurs.  Also,  the  switch  to  RNAV 
operations  actually  has  been  shown  to  reduce  the  number  of  potential  airspace 
conflicts  encountered  for  a given  level  of  enroute  traffic.  A recent  simulation 
study  [6],  which  evaluated  operations  on  the  existing  high  altitude  route .structure 
in  comparison  to  RNAV  route  structures  developed  for  purposes  of  those  studies, 
found  that,  airspace  conflicts  would  be  reduced  by  over  2b'  when  all  traffic 
operated  along  the  RNAV  routes  rather  than  on  the  present  structure.  The  trans- 
ition of  traffic  to  RNAV  was  found  to  present  no  problem  either,  since  simu- 
lations using  a mix  of  RNAV  and  VOR  operations  showed  equivalent  reductions 
in  conflicts  experienced.  In  view  of  the  above,  the  high  altitude  enroute  en- 
vironment is  not  expected  to  exhibit  any  RNAV-related  problems  which  would 
affect  DABS  site  implementation. 

Low  altitude  RNAV  routes  will  also  be  displaced  from  existing  VOR  routes, 
which  travel  from  VORTAC  to  VORTAC.  However,  these  displacements  will  not  be 
very  large  for  the  following  reasons.  First,  routes  cannot  be  displaced  very 
far  since  the  nominal  coverage  region  of  a low  altitude  VORTAC  extends  only  40 
miles;  thus  the  route  could  not.  be  moved  more  than  20-25  miles  and  yet  maintain 
an  appreciable  amount  of  coverage  along  its  lenqth.  Furthermore,  low  altitude 
routes  usually  "meander"  slightly  as  they  run  from  GA  airport  to  airport,  with 
each  segment  being  fairly  short.  Since  they  are  short,  significant  deviations 
from  direct  routings  would  not  be  expected  to  be  found.  Certain  low  altitude 
operators  may  fly  preplanned  direct  over  longer  distances,  although  this  practice 
is  not  expected  to  be  very  common.  Finally,  many  operators  will  not  be  RNAV 
equipped,  and  many  VOR  routes  will  be  retained,  so  a significant  percentage  of 
low  altitude  traffic  will  use  existing  routes.  As  a result,  low  altitude  RNAV 
routings  should  not  impact  DABS  site  implementation  plans  to  any  significant 
extent. 

Terminal  IFR 

RNAV  operations  in  terminal  areas'  may  have  an  impact  on  DABS  surveillance 
requirements  for  three  reasons : accuracy  requirements,  trio  use  of  sol f-navigated 
SID/STAR  procedures,  and  the  use  of  RNAV  for  conducting  instrument  approaches. 

The  present  terminal  area  route  width  requirement  of  *2  nm  is  expected  to  be  re- 
tained as  RNAV  is  fully  implemented  [2],  which  will  primarily  affect  t.ho  hub 
terminals  since  their  operations  will  bo  almost  totally  RNAV.  As  discussed  under 
the  enroute  section,  the  DABS  accuracy  is  far  better  than  the  . mile  requirement 
and,  for  that,  matter,  is  quite  a bit  bettor  than  existing  ATCRBS  performance. 
Therefore,  RNAV  implementation  should  not  affect  DABS  accuracy  requirements. 
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A potential  exception  to  Mu*  uc'c.iracy  : egu  • remen t issue  concerns  momtor- 
incj  approach  procedures  conducted  under  RNAV  guidance.  I li  st  of  all  it  should 
be  noted  that,  the  use  of  RNAV  for  approaches  at  hub  airports  would  oe  the  ex- 
ception rather  than  the  rule  (except  possibly  for  providing  the  vertical  guid- 
ance signal  for  two-segment  approaches).  1 tie  reason  for  this  is  simply  that 
nearly  all  commonly  used  major  runways  are,  or  will  be,  instrumented  with  ILS 
and/or  MLS,  which  would  be  used  in  preference  to  RNAV  guidance,  ibis  is  partic- 
ularly true  of  closely-spaced  parallel  runways,  where  the  use  ot  RNAV  would  not 
be  appropriate.  RNAV  would  be  used  under  the  following  conditions:  as  a backup 
to  failed  airborne  ILS  equipment  (an  exceptional  situation),  or  as  a means  of 
approaching  a non-ILS  runway.  In  the  latter  case,  which  is  the  only  one  of 
significance,  RNAV  would  be  selected  in  preference  to  other  existing  procedures 
(VOR.NDR)  by  RNAV-eguipped  aircraft,  since  in  many  cases  slightly  lower  mininiums 
would  result  and  a circling  approach  could  often  be  avoided.  In  nearly  all  cases 
the  RNAV  approach  would  be  conducted  at  least  as  accurately,  probably  more 
accurately,  than  the  alternative  procedures,  aiui  so  would  be  preferable  from  all 
points  of  view.  Also,  since  DABS  a/imuth  accuracy  improves  when  approaching  the 
antenna  (which  would  probably  be  on  the  airfield),  such  that  azimuth  errors 
are  less  than  one  hundred  feet  within  ten  miles  range,  monitoring  of  such  pro- 
cedures should  present  no  problem. 


Regarding  the  subject  of  self-navigated  SIU  and  STAR  procedures,  which 
would  replace  most  rada  ector  requirements,  the  only  remaining  issues  other 
than  accuracy  are  upda  te  and  tracn.  reliability  requirements.  Present 
ATCRBS  update  rate  foi  terminal  radars  is  four  seconds,  which  is  expected  to 
be  continued  when  DABS  is  implemented  [_?].  Since  the  RNAV  routes  are  to  be 
self-navigated  rather  than  being  controlled  through  ground  survei 1 lance , the 
requirement  for  timely  surveillance  information  is  actually  reduced  rather 
than  increased.  Therefore,  there  would  be  no  reason  to  require  a higher  update 
rate  because  of  the  use  of  RNAV  arr i va 1 /depart ure  procedures.  A similar  argument 
applies  to  the  issue  of  track  reliability.  Temporary  or  prolonged  loss  of  data 
is  not  immediately  problematical  for  RNAV  users  since  they  will  continue  to  navi- 
gate the  desired  path,  while  radar  vectored  aircraft  are  considerably  more 
difficult  to  deal  with  under  such  conditions. 

Mixed  VFR/1FR  Traffic 

Mixed  VTR/IFR  traffic  occurs  primarily  in  the  terminal  area  and  low  altitude 
en route  environments.  The  pi  ...ary  ‘dr  ,:  ,or  • . ; . czc  ..re  separation  of  1FR 

traffic,  from  VFK,  which  is  done  manual's  row,  loctroller  workload  permitting,  but 
will  be  done  as  a required  function  wren  ll’C  is  implemented.  <n  accompl ishi  no  this 
function  it.  nukes  little  difference  wnat  type  of  route  am  be  n;  navigated  by  the  1 
aircraft,  VOR  or  RNAV.  Also,  the  'actors  described  in  earlier  a scussions  per- 
taininq  to  accuracy,  update  rate,  etc.,  apply  also  to  the  mixed  env : ronment  case. 
The  only  aspect  of  coverage  which  mig/s;  be  affected  is  Jie  minimum  altitude 
covered.  However,  low  altitude  coverage  of  DABS  is  supposed  to  be  at  least  as 
good  as  ATCRBS,  and  so  as  DABS  is  implemented,  coverage  should  improve.  As 
stated  before,  eventual  full  DABS  implementation  w 11  result  in  coverage  down  to 
2000-3000  feet  AGL  throughout  nearly  all  of  CONUS,  and  so  <hould  include  virtually 
all  IFR  operations. 


SPECIAL  RNAV  PROCEDURES 


VNAV  Arri val/Departure  Proccdut  >s 

VNAV  procedures,  which  may  ho  optionally  used  by  aircraft  operators  in  order 
to  pain  operational  and  fuel  saving  benefits  [8],  do  not  affect  surveillance 
requirements  since  altitude  determination  is  not  a surveillance  function.  Alti- 
tude data  is  determined  from  the  encoded  transponder  return.  If  VNAV  were  to  be 
used  as  the  primary  method  of  providing  altitude  separation,  and  particularly  if, 
through  the  improvement  of  VNAV  system  accuracies,  closer  separation  standards 
were  used  rather  than  those  presently  in  force  [9,10],  some  form  of  ground-de- 
rived altitude  data  may  be  required  in  order  to  obtain  accurate  surveillance  of 
the  vertical  profiles.  This  would  probably  be  accomplished  through  the  use  of 
monopulse  radar  techniques.  However,  since  there  are  no  formal  plans  at  present 
to  require  VNAV  terminal  operations  or  significantly  reduce  VNAV  separation 
standards,  the  institution  of  vertical  tracking  capability  should  not  be  necessary. 

Time  Control  (4D)  Navigation  Procedures 

The  use  of  Area  Navigation  equipment  which  is  capable  of  providing  time- 
of-arrival  guidance  (4D  RNAV)  should  eventually  serve  as  a very  useful  adjunct 
to  Metering  and  Spacing  automation,  since  it  will  relieve  the  ground-based  system 
of  some  time  control  chores  and  provide  more  accurate  control  of  arrival  time  [11]. 
Through  more  accurate  arrival  time  control,  interarrival  spacing  along  the  final 
approach  course  may  be  reduced  slightly,  which  can  yield  significant  benefits  in 
terms  of  delay  reductions  [8].  4D  operations  could  potentially  impact  DABS  sur- 
veillance system  position  and  velocity  tracking  accuracy  requirements,  since 
arrival  time  control  accuracies  on  the  order  of  five  seconds  are  desired.  A five 
second  time  control  error  is  equivalent  to  a 1300  ft  position  error  (at  160  kt), 
and  so  tracking  accuracy  would  have  to  be  considerably  better  than  that.  As 
stated  earlier,  the  DABS  accuracy  specification  is  0.1°  and  100  ft,  which  should 
be  sufficient  for  the  most  stringent  time  control  monitoring  requirements. 

Off-Si te  Located  RNAV  Approach  Procedures 

This  section  concerns  the  possible  requirement  for  DABS  monitoring  of  RNAV 
approaches  to  runways  which  are  out  of  the  coverage  region  during  the  final 
phases  of  the  approach.  The  loss  of  coverage  may  be  due  simply  to  the  range 
between  the  DABS  site  and  the  airport  in  question,  or  to  intervening  terrain 
features.  Radar  coverage  is  not  at  present  required  for  the  execution  of  RNAV 
approach  procedures,  nor  is  it  required  for  other  types  of  instrument  approach 
procedures.  The  RNAV  capability  greatly  expands  the  flexibility  available  for 
designating  approach  procedures:  straight-in  approaches  may  often  be  substituted 
for  existing  circling  approaches,  and  in  some  cases  approaches  may  be  designated 
for  runways  for  which  no  approach  procedure  currently  exists.  However,  due  to 
its  very  nature,  RNAV  is  somewhat  more  prone  to  the  incidence  of  procedural  errors 
than  are  some  other  instrument  approach  techniques.  Since  procedural  errors 
during  approach  can  be  very  dangerous,  it  might  be  desirable  to  require  that 
DABS  coverage  down  to  approach  minimums  be  available  in  order  for  an  RNAV  approach 
to  be  designated.  Conversely,  it  could  be  required  that  approach  minimums  be 


set  at  the  lower  limit  of  existing  DABS  coverage.  A major  argument  against 
such  requirements  is  that  the  ATC  system  is  not  responsible  for  the  proper  ex- 
ecution of  an  otherwise  safe  approach  procedure.  Even  so,  the  ATC  system  might, 
at  some  future  time,  deem  it  to  be  a proper  function  to  provide  surveillance 
services  as  an  added  safety  function.  If  that  should  be  the  case,  it  would  not 
be  necessary  to  provide  coverage  down  to  approach  minimums,  however,  in  order  to 
assure  proper  execution  of  the  procedure.  Most  RNAV  approach  procedures  are 
designed  using  a final  approach  path  length  of  approximately  ten  miles.  This 
means  that  the  intermediate  approach  fix  may  be  placed  as  much  as  2500  feet 
higher  than  approach  minimums,  which  should  be  within  DABS  coverage  in  most 
situations.  As  a result,  the  earlier  part  of  execution  of  the  final  approach 
segment  could  be  monitored,  which  should  provide  sufficient  protection  against 
procedural  error  since  in  most  cases  most  or  all  navigation  data  will  have  been 
inserted  in  the  RNAV  computer  by  the  flight  crew  by  that  time.  It  is  highly 
recommended  that,  for  purposes  of  procedural  error  avoidance,  the  final  approach 
fix  be  defined  as  DME  range  from  the  missed  approach  point,  rather  than  as  a 
separate  waypoint.  In  those  cases  where  no  surveillance  service  can  be  provided 
at  all,  the  face  of  the  approach  plate  itself  could  be  so  annotated  in  order 
to  make  certain  that  the  flight  crew  is  aware  of  that  fact. 
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A.  2 CANDIDATE  DABS  DATA  LINK  MESSAGE  KJKMATS 


INTRODUCTION 

The  purpose  of  this  study  is  to  determine  the  possible  types  of  DABS 
messages  which  would  be  appropriate  for  IRC  usage,  for  ordinary  ATC  control  and 
for  control  of  RNAV  aircraft,  and  to  identify  the  required  message  information 
content,  and  to  design  an  appropriate  data  format  to  accomplish  the  purposes 
of  each  message  using  a minimum  number  of  DABS  link  data  frames.  The  results  of 
this  analysis  are  to  be  used  as  inputs  for  several  other  parts  of  the  UG3RD 
Impact  Study.  Specifically,  they  will  be  used  for  the  study  of  DABS  data  link 
usage  and  saturation,  for  the  study  of  airborne  RNAV  interface  and  display 
considerations,  and  for  the  study  of  Control  Message  Automation  effects.  It 
should  be  understood  that  it  is  not  the  intent  of  the  present  study  to  specify 
the  message  formats  in  their  final  form  to  be  used  when  DABS  is  implemented 
but  rather  to  design  a candidate  set  of  message  formats  (particularly  for  RNAV 
control  messages)  representative  of  those  which  will  actually  be  implemented 
for  purposes  of  the  other  analyses  to  be  conducted  under  the  RNAV  UG3RD 
Impact  Study.  The  types  of  messages  considered  for  this  study  include  radar 
vector  instructions  (for  IPC  and  general  control  usage),  proximity  warning 
messages  (IPC),  ATC  clearance  messages,  RNAV  Tactical  Control  Messages  (equiv- 
alent to  the  radar  vector),  and  MLS  approach  monitor  messages.  In  addition, 
several  messages  which  would  serve  RNAV  users  which  may  optionally  be  implemented 
as  a DABS  service  were  identified  and  studied.  These  concern  the  distribution 
of  waypoint  data.  The  specific  message  types  studied  include  a filed  route  data 
request  message,  a route  data  delivery  (RDD)  message,  a direct  route  clearance 
request,  and  a direct  route  data  request  message.  These  data  services  may  or  may 
not  be  implemented  as  a part  of  the  DABS  structure,  depending  upon  demand  and 
the  degree  of  difficulty  associated  with  their  implementation. 

MESSAGE  FORMAT  DESIGN  CONSIDERATIONS 

The  first  step  in  the  development  of  a data  format  appropriate  to  a particular 
type  message  is  to  decide  which  data  items  are  necessary  in  order  to  fulfill  the 
intended  purpose  of  the  message,  and  which  items  are  only  ancillary  to  the  purpose 
of  the  message  and  therefore  may  be  dropped  from  the  message  if  no  room  is  avail- 
able. A major  constraint  upon  the  way  data  is  arranged  and  coded  digitally  is 
the  limitation  in  computer  logic  capabilities  which  would  be  available  in  airborne 
displays  and  interfaces  to  decode  the  data.  The  effect  of  this  is  that  data  items 
must  be  coded  in  the  manner  for  which  the  data  is  to  be  used  or  presented;  e.g., 
numeric  data  must  be  BCD  format,  alphanumeric  data  in  a character  code  (six-bit 
BCD  or  ASCII),  and  binary  data  in  a natural  binary  format.  Also,  data  packing 
techniques  cannot  be  used.  The  airborne  units  cannot  be  assumed  to  have  unpacking 
or  code  conversation  capabi 1 i ties.  Tne  DABS  data  link  format  [3]  for  both  up- 

'S/")  '"H  j'",^1‘in1'  me^cages  allows  a message  text  length  of  56  bits. 

He  vver,  the  DABS  format  contains  no  provision  for  display  or  airbor;  device 
addressing  or  pilot  acknowledgement  requesting.  For  uplink  messages  three  bits 
e^e  required  for  device  addressing  and  one  for  acknowledgement  request;  for  down- 
tessag  s four  e-e  * »**’  f origi.  ,irg  device  ac-Ves*  [12].  « 

bits  may  be  required  for  display  device  control,  message  type  indication  and 
message  frame  numbering.  Each  DABS  message  frame  allows  56  bits  of  data,  al- 
though multiple  frames  may  be  used  for  long  messages;  in  such  cases  all  house- 
keeping required  to  identify  or  number  frames  must  be  contained  in  the  56  bit 
field.  Obviously,  the  use  of  as  few  frames  as  possible  for  each  message  type  is 
highly  desirable  in  that  DABS  channel  usage  is  reduced  and  airborne  display  system 
complexity  is  reduced.  All  of  these  considerations  reduce  the  field  available 
for  actual  data  transmission  well  below  56  bits. 
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In  designing  t he  message  formats  presented  herein,  compromises  were  often 
necessary.  In  particular,  information  requirements  were  reviewed,  data  resolu- 
tion and  range  required  to  serve  the  specific  purposes  were  carefully  evaluated 
in  light  of  the  operational  uses  for  which  the  messages  were  intended,  and 
coding  shortcuts  were  evaluated,  such  as  dropping  leading  zero  bits  when  appro- 
priate or  presuming  the  existence  of  permanent  bit  settings  in  display  units. 

A prime  example  of  this  is  the  presumption  that  for  all  communication  frequen- 
cies (which  range  from  118.000  to  135.975  MHZ)  that  100  MHZ  may  be  assumed  to  be 
supplied  by  the  display,  and  therefore  need  not  be  transmitted.  An  example  of 
dropping  leading  zero  bits  is  the  coding  of  heading  command  (which  ranges  from 
1 to  360°).  The  first  digit  ranges  from  zero  to  three,  and  so  requires  only 
two  bits  for  coding  rather  than  the  four  bits  required  to  code  zero  through  nine. 
Actually,  one  bit  could  also  be  dropped  from  the  second  digit  since  it  only  ranges 
from  zero  to  six.  However,  the  dropping  of  embedded  bits  was  avoided  wherever 
possible.  In  the  detailed  explanations  which  follow,  individual  coding  conven- 
tions are  discussed  where  appropriate  except  in  cases  where  leading  zeros  are 
dropped,  since  that  short  cut  was  used  extensively. 

DETAIlED  message  formats 

I n te rmj  r. tent  Pos vtij/e  Control  Messages 

Two  distinct  message  types  are  required  for  IPC  usage;  the  basic  positive 
collision  avoidance  command,  and  the  proximity  warning  indication.  The  collision 
a /oi dance  command  is  merely  an  automatically  generated  radar  vector  instruction, 
and  so  it  has  been  combined  with  other  radar  vector  features  into  a more  general 
ATC  control  radar  vector  message,  It  is  important  to  note  that  the  most  basic 
IPC  displays  may  respond  only  to  certain  portions  of  the  message  format,  which 
are  those  activated  when  the  radar  vector  messaqe  is  indicated  to  be  an  IPC 
command;  more  complex  radar  vector  displays  would  respond  to  the  other  parts  of 
the  command.  All  of  these  message  formats  are  presented  in  detail  in  Tables  A.l 
through  A. 4.  The  proximity  warning  indication  (PWI)  is  unique  to  the'IPC  function. 

Radar  Vector  (Function  #1 ) : This  message  is  configured  in  two  DABS  frames.  The 
first  contains  the  most  essential  data,  and  would  activate  the  simplest  radar 
vector  displays,  and  the  IPC  displays.  The  second  frame  may  be  transmitted  and 
contains  additional  data  which  could  be  decoded  and  displayed  by  more  sophisticated 
radar  vector  displays. 

The  first  four  bits  of  frame  one  contain  the  acknowledgement  request  bit  (which 
lights  the  pilot  response  push  buttons)  and  three  device  address  bits,  which  would 
be  set  to  the  IPC/radar  vector  device  address.  Bit  five  contains  the  frame  number, 
zero  in  this  case,  bit  six  indicates  whether  this  is  an  ordinary  radar  vector 
or  an  IPC  command.  In  the  case  of  an  IPC  command,  only  data  items  four,  five,  six, 

seven,  twelve,  thirteen  and  fourteen  could  be  supplied.  Item  number  four  (bit  seven) 
indicates  whether  the  displays  indicated  by  items  five,  six  and  seven  (one  bit  each) 
dre  to  be  updated  or  the  display  cleared.  If  they  are  to  be  updated,  the  values  are 
•‘Ojnd  in  fields  twelve,  thirteen  and  fourteen  respecti vely.  That  is  to  say,  if  item 
four  were  set  to  zero,  and  items  five  and  seven  were  set  to  one,  new  heading  and 
altitude  values  found  in  items  twelve  and  fourteen  would  be  displayed,  replacing 
any  pre-existing  values.  If  bits  four,  five,  six  and  seven  were  set  to  one,  all 
three  displays  would  be  cleared  and  turned  off.  In  the  case  of  an  ordinary  ATC 
radar  vector  command,  (item  three  set  to  zero),  the  other  fields  may  be  used  when 
applicable.  If  items  eight,  nine,  ten  or  eleven  are  used,  then  the  second  DABS 
frame  will  also  be  transmitted  upon  the  next  DABS  i nterrogation , since  that  frame 
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contains  the*  data  fields  for  communications  frequency  assignment,  altimeter 
barometric  setting  and  secondary  speed  and  altitude  values  which  are  used 
when  ranges  of  altitude  and  speed  are  permissible.  Only  more  complex  radar 
vector  displays  would  be  capable  of  decoding  and  displaying  data  from  the 
second  frame.  Simple  displays  could,  however,  utilize  fields  fifteen  and 
sixteen  of  the  first  frame  which  indicate  when  the  stated  altitude  is  modified 
by  an  "at-or-below"  or  "at-or-above"  clearance.  Data  coding  shortcuts  used 
in  the  second  frame  are  listed  in  the  "Comments"  column  of  the  table. 


Proximity  Warning  Indicator  (Function  #?):  This  message  requires  but  one  DABS 
frame  and  is  quite  simple.  The  display  consists  of  thirty-six  lights  (see 
Reference  3 for  a description  of  display)  which  arc'  either  off,  illuminated  or 
flashing.  This  message  will  cause  one  or  more  of  the  thirty-six  lights  to  be 
flashed,  turned  on  continuously  or  turned  off.  For  example,  if  item  two  were 
set  to  zero,  item  three  were  sot.  to  one  and  the'  fifteenth  bit  in  field  four 
were  set.  to  one,  the  fifteenth  lamp  would  be  set  to  the  flashing  state,  regardless 
of  its  previous  state.  Direct  I PC  control  commands  are  also  included  in  this 
message,  requiring  nine  additional  bits.  These  are  redundant  wi  th  the  radar  vector 
I f ’<  me  , sage . 

AT C Clearance  Message 

In  addition  to  the  radar  vector  message  discussed  above,  three  other  types 
of  dedicated  airborne*  displays  have  been  identified  which  would  be  appropriate 
to  delivery  of  ATf.  control  messages.  Naturally,  these  displays  could  be  com- 
bined into  several  arrangements  or  combined  with  other  equipments,  such  as  the 
RNAV  computer.  Other  more  complex  display  or  communi cat  ions  devices,  which  would 
use  the  extended  length  message  (FLM)  format  available  through  DABS,  have  not 
been  included  in  this  analysis  since  they  are  intended  mainly  for  secondary  ATC 
control  purposes  and,  possibly,  private  communications  purposes.  In  addition, 
such  messages  are  typically  not  time-critical,  and  so  do  not  impact  peak  DABS 
channel  usage  significantly. 

I’recoded  ATC  Clearance  Messages  (function  43):  The  precoded  ATC  clearance 
message  display  is  intended  for  efficiently  communicating  routine,  repetitive 
clearance  messages  such  as  taxi  clearance,  takeoff  clearance,  holding  instructions, 
route  assignments  (SID/STAR),  clearance  limit  instructions,  expect  further  clear- 
ance* instructions,  etc.  The  message  format  proposed  herein  presumes  that  the 
display  system  is  capable  of  displaying  several  standard  messages  (up  to  sixteen 
are  provided  for  airborne  and  for  ground  ATC  usage),  plus  it  is  capable  of  dis- 
playing a five  character  fix  or  route  name  and  a four  digit  time-of-day.  In 
this  manner  holding  fixes,  routes,  fix  departure  times,  etc.,  mav  be  communicated 
without  usage  of  voice  channels.  Presumably,  certain  of  these  mt*  ■ sages  would 
require  use  of  pilot  response  pushbuttons  on  the  transponder.  Control  over  the 
sixteen  message  displays  (thirty- two  if  ground  control  messages  are  counted)  is 
accomplished  with  data  items  two,  three  and  four;  item  two  instructs  to  update 
or  clear  the  display,  and  items  three  and  four  indicate  which  display  is  to  be 
updated  or  cleared.  Update  or  clearing  of  the  fix  name  and  time  displays  are 
controlled  by  the  airborne  equipment,  i.e.,  fix  names  are  always  associated  with 
certain  messages  and  times  with  others.  For  example,  the  tix  name  would  always 
be  updated  when  a holding  instruction  is  issued,  but  would  not  be  affected  when 
a takeoff  clearance  is  issued.  The  name  would  then  be  cleared  when  the  holding 
message  was  cleared,  or  would  be  updated  when  another  message  causes  it  to  be 
ac  t.  i vated. 
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Alphanumeric  Data  (Func  tion  #4):  This  display  is  intended  for  communn at  ion  el 
clearance  data  and  other  information  in  a tree,  thirty-two  character  format 
rather  than  as  fixed  standard  messages  (above).  Ibis  concept  was  presented  m 
Reference  1?.  The  data  is  transmitted  in  one  to  tour  eii|ht.  character  blocks, 
one  block  per  DABS  frame1.  Data  items  two  and  three  control  display  operation; 
item  four  contains  the  address  (one  through  four)  of  the  section  to  be  updated, 
item  five  contains  eight  characters  of  data.  Item  two  is  used  to  clear  the  dis- 
play and  memory.  Item  three  is  used  to  blank  the  display  but  activate  memory, 
and  then  activate  the  display  after  all  data  has  been  sent. 

RNAV  Tactical  Control  Amendment  (Function  : This  message  is  the  RNAV  equiv- 
alent to  the  tactical  radar  vector.  Cither  a dedicated  display  could  be  used, 
or  the  display  could  be  integrated  with  the  RNAV  computer  and  could  allow  direct 
input  of  impromptu  waypoint  data  to  the  RNAV.  This  message  normally  requires 
one  DABS  frame;  however,  an  additional  frame  is  transmitted  when  waypoint  identi- 
fication (iata  is  required.  The  waypoint  can  be  identified  by  name,  by  VOR/Rho/ 
Theta  or  by  I a t i tude/Lonq i tude.  Waypoint  name  would  by  far  be  the  most  common, 
and  would  refer  to  published  waypoint  names.  Only  in  those  cases  where  previously 
undefined  impromptu  waypoints  are  required  (possibly  certain  metering  and  spacing 
procedures)  would  waypoint  coordinates  be  transmitted. 

The  functions  provided  by  this  RNAV  message  include  a parallel  offset 
command,  a "direct-to"  command,  a resume  route  navigation  command,  a sequencing 
turn  command,  a fan  command,  an  arrival  time  command,  and  a time  synchronization 
message.  Ordinary  radar  vector  messages  may  be  used  in  conjunction  with  this 
message,  particularly  for  purposes  of  transmitting  altitude  messages.  Data  item 
number  four  is  simply  a parallel  offset  command.  Item  five  is  a "di rect-to-way- 
point"  command  and  would  be  followed  by  the  tag  frame  containing  waypoint  ident- 
ification. Note  that  provision  is  made  in  this  command  for  a turn  cue  when  the 
turn  required  is  significant  (greater  than  30").  This  would  allow  immediate 
initiation  of  the  turn  while  entering  the  objective  waypoint  identification  in 
the  RNAV  computer.  Item  six  is  a command  to  cease  the  offset,  or  fan  maneuver 
and  reacquire  the  standard  route  track.  This  would  normally  follow  those  commands. 
The  sequencing  turn  command  specifies  a distance  before  or  after  the  waypoint  at 
which  to  initiate  turn  to  the  next  waypoint.  This  would  be  used  tor  executing 
trombone  maneuvers  and  certain  MAS  pattern  maneuvers.  The  x°  command  calls  for 
a departure  from  track  at  the  indicated  departure  bearing  fror,i  track.  This  is 
typically  followed  by  a resume  navigation  command.  When  field  ten  is  set  to  zero 
and  a time  value  (field  nine)  is  given,  it  is  interpreted  to  specify  the  arrival 
time  for  the  waypoint  given  in  the  tag  frame.  When  field  ten  is  set  to  one  and  a 
time  value  is  given,  that  time  is  present  time-of-day,  and  should  be  used  to  set 
the  local  clock.  No  tag  frame  would  be  transmitted. 

When  the  tag  frame  is  transmitted,  field  five  contains  either  waypoint  name 
or  coordinates,  depending  on  the  setting  of  field  four.  If  coordinates  .ire  to  be 
transmitted,  the  ATC  system  must  have  prior  knowledge  of  which  coordinate  system 
to  use,  Rho/Theta  or  Lat/Lon.  Ways  of  accomplishing  this  are  discussed  in  a later 
section.  The  tag  frame  also  contains  waypoint  altitude  for  use  when  more  appro- 
priate than  a radar  vector  altitude  message. 


MLS  Data  Monitoring  Technique 

MLS  approach  data  monitorimi  is  considered  as  a candidate  method  for  re- 
ducing independent  parallel  runway  separation.  The  MIS  data,  being  quite  accurate, 
would  complement  radar  data.  Furthermore,  blunder  detect  ion  and  prevention 
would  be  accomplished  through  detection  of  improper  MIS  guidance  signals  aboard 
the  aircraft  being  monitored.  The  monitor  would  be  accomplished  through  a 
direct  link  of  the  MLS  unit  with  the  DA. IS  transponder.  Monitor  replies  would 
be  elicited  by  the  ground  radar  through  a normal  interrogation  containing  the 
MLS  unit  address  in  the  "Air-to-Ground  Data  link  Message  Source”  field  (see 
Reference  3). 

MLS  Approach  Monitor  (function  #11):  Provision  is  made  in  this  air-to-ground 
message  for  azimuth,  elevation  and  range  data  relative  to  the  antenna  site. 

These  data  are  natural  binary  or  offset  binary  format,  which  would  probably  be 
the  types  generated  by  an  MLS  sensor.  Furthermore,  sensor  indicators  are  provided. 
Field  six  allows  for  the  selection  of  approach  or  flare  guidance.  Field  seven 
allows  reporting  of  marker  beacon  passage.  Field  eight  indicates  reception  of 
back  course  guidance.  Field  nine  automatical ly  reports  the  primary  MLS  channel 
tuned,  to  prevent  ambiguity. 

Optional  RNAV  Message  Services 

This  section  discusses  additional  services  to  RNAV-equipped  aircraft  which 
could  be  provided  through  use  of  the  DABS  data  link.  Both  of  these  services  in- 
volve the  delivery  of  route  waypoint  data  through  the  DABS  data  link  directly 
into  the  airborne  RNAV  computer.  The  first  such  service  would  serve  fo  signifi- 
cantly reduce  data  insertion  errors  and  pilot  workload  at  critical  times  for 
those  aircraft  not  equipped  with  bulk  flight  plan  data  storage  and  recall  capa- 
bilities, which  would  include  most  private,  corporate  and  commuter  airline  in- 
strument operators.  The  service  would  be  available  for  those  who  file  1FR 
flight  plans,  and  would  include  automated  delivery  of  data  for  the  filed  enroute 
segment,  as  well  as  data  for  the  departure  and  arrival  segments  selected  by  ATC. 

The  service  shall  be  referred  to  as  Route  Data  Delivery  (ROD),  and  includes  two 
types  of  messages:  an  Air/Ground  data  request  and  a Ground/Air  data  delivery 
message.  This  service  would  apply  for  charted  RNAV  routes  or  for  preplanned 
direct  routes  where  standard  route  segments  or  waypoints  are  used.  The  other 
service  described  here  involves  more  automation  improvements  than  simply  a DABS 
data  hookup,  although  the  data  delivery  aspect  is  similar.  This  service  would 
be  intended  to  provide  route  waypoint  information,  considering  station  coverage, 
restricted  areas  and  minimum  enroute  altitudes,  for  preplanned  direct  flight 
where  only  the  origin  and  destination  (and  intermediate  points  if  desired)  are 
specified,  but  other  waypoints  along  the  route  are  required  to  provide  for  navi- 
gation station  coverage.  This  service  obviously  would  require  an  additional 
software  capability  to  generate  those  intermediate  waypoints,  considering  existing 
station  coverage  data.  Such  a service  may  be  provided  by  the  Flight  Service 
System.  The  messages  presented  here  include  Air/Ground  data  requests  which 
could  tie  used  either  for  prefiled  HR  routes  or  air-filed  VFR  routings.  The 
Ground/Air  data  transmittal  is  identical  to  the  ROD  above.  Finally,  a message 
is  discussed  which  could  be  used  to  provide  (automat ical ly)  detailed  aircraft 
type  and  avionics  complement  data  to  the  ATC  system  upon  request.  This  message 
could  tie  used  to  replace  the  necessity  for  supplying  such  data  manually  when 
filing  a flight  plan,  and  so  could  speed  up  the  flight  planning  process. 
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RNAV  Route  Data  Request  (Function  #6):  this  message  is  used  for  requesting 
automated  transmission  to  the  RNAV  computer  of  waypoint  data  for  a prefiled 
route  or  for  departure  or  arrival  segments  assigned  by  ATC  (SID/STAR  data). 

It  is  intended  expressly  for  those  operators  not.  equipped  with  a flight  plan 
data  base  from  which  to  select  such  data  by  route  or  procedure  name.  All  of 
the  RNAV  messages  discussed  below  would  have  the  same  device  address,  although 
the  message  type  indicators  would  bo  different.  Data  item  three  of  this  message 
indicates  whether  t.he  request  is  for  a profiled  flight  plan  or  for  a route  to 
be  flown  VFR.  If  it  is  a VFR  request,  the  route  identification  number  would  be 
supplied  in  field  eight.  Fields  four  through  six  indicate  the  type  of  request, 
i.e.,  initial  request  for  data,  request  for  next  set  of  data,  or  a repeat  re- 
quest for  data  checking.  Field  seven  gives  the  maximum  number  of  waypoints  to 
be  transmitted.  Note  that  this  service  would  be  suitable  for  all  users,  whether 
they  be  equipped  with  single  waypoint  systems  or  systems  capable  of  storage 
of  many  waypoints.  This  message  initiates  transmittal  of  the  RDD  messages,  below. 

Route  Data  Delivery  (Functions  »/  and  * 8):  These  two  message  provide  the  RDD 
function  in  either  the  Rho/Theta  (/)  format  or  the  Lat/Lon  (8)  format.  Each 
message  consists  of  two  DABS  frames  for  each  waypoint  transmitted.  The  first 
frame  in  each  case  starts  by  listing  tfie  waypoint  name  in  field  four.  The 
Rho/Theta  format  follows  with  those  parameters  in  fields  five  and  six.  The 
second  frame  then  contains  VOR  Idem  and  Frequency  in  fields  four  and  five. 
Waypoint,  altitude  and  inbound  track  angle  are  contained  in  fields  six  and  seven. 
Note  that  it  was  necessary  to  resort  to  an  altitude  resolution  of  five  hundred 
feet  in  order  to  fit  all  the  data  in  the  two  frames.  This  is  suitable  for  all 
phases  of  flight  except  final  approach  (which  would  require  a twenty  foot  reso- 
lution not  provided  by  any  of  these  messages),  and  so  does  not  significantly 
tompromise  the  utility  of  the  message. 

The  Lat/Lon  format  message  is  organized  so  that  the  latitude  takes  up  the 
remainder  of  the  first  frame.  The  second  frame  contains  longitude  (field  four), 
associated  VOR  frequency  (field  five)  and  altitude  (field  six). 

Airborne  Fi 1 i ng--Di rect  Route  Clearance  (Function  #9):  This  message  allows  filing 
of  an  l^R  direct  flight  plan  amendment,  or  allows  VFR  aircraft  to  specify  a direct 
route  such  that.  ATC  would  provide  waypoint  data  along  that  route  upon  request.. 

This  message  requires  two  DABS  frames,  the  first  of  which  would  contain  the  origin 
waypoint  identifier,  the  filed  enroute  altitude,  and  an  indication  of  whether 
this  is  an  1FR  amendment  or  VFR  request  (fields  four,  five  and  six).  The  second 
frame  contains  the  destination  waypoint,  and  filed  airspeed  in  fields  four  and 
fi  ve. 

Direct  Route  Data  Request  (Function  »10):  This  message  s rela  .he  route 

data  request  , except,  it  is  much  simpler.  Only  the  waypoint  sequen.  ■ number 
(00  is  origin  waypoint)  of  the  first  waypoint  to  be  transmitted  and  tin  number  of 
waypoints  need  be  specified.  ATC  would  assign  unique  names  to  each  waypoint  which 
would  consist  of  three  characters  and  two  digits.  The  three  characters  would  be 
unique  t.o  that  flight  that  day  and  the  two  digits  would  constitute  the  waypoint 
sequence  number.  The  origin  and  destination  waypoints  would  retain  their  original 
designations.  Upon  execution  of  the  data  request,  the  data  would  be  furnished 
through  the  RDD  function  (functions  1 and  8). 
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Capability  Report  (Function _ '•  Ibis  capability  report  message  could  optionally 

be  provided  as  a means  of  simplifying  the  flight  planning  procedure.  It  would 
be  transmitted  upon  request  of  ATC,  and  would  provide  information  helpful  to 
controllers,  to  the  Metering  and  Spacing  function  and  for  providing  the  RNAV 
data  services  discussed  above.  In  particular,  the  DABS  message  display  capa- 
bilities of  each  aircraft  would  be  described  in  detail  through  this  message, 
which  would  simplify  and  facilitate  operation  of  the  DABS  control  message  auto- 
mation delivery  function.  The  message  would  be  delivered  by  a simple  hard-wired 
device  easily  tailored  to  each  individual  aircraft;  no  pilot  intervention  would 
be  required  for  the  use  of  the  device.  Most  of  the  fields  in  this  message  are 
sufficiently  explained  in  Table  A. 4.  It  should  be  added  that  the  purpose  of 
field  three,  aircraft  type,  is  to  provide  aircraft  weight  and  speed  class  data 
for  the  M&S  system.  Also,  field  nine  provides  for  non-ELM  displays  of  types 
other  than  those  discussed  here. 
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Standard  Control  Messages 


Cl  tar  Otsplay 
Display  Enable 
Section  Address 
Data 


Table  A. 2 Standard  RNA.  Message 


Table  A. 3 Route  Data  Delivery  Messages 


Table  A. 4 Direct  Ro^te  ari  Mi sce’lareous  Mess 


A-  'i  jaf:  ;jata  link  CAPACITY  riquirimini  impact 
INTRODUCTION 

I he  objective  of  this  analysis  is  to  quantity  LI.,  impact  which  RNAV  im- 
plementation will  have  upon  Discrete  Address  Beacon  System  Data  Link  usage 
and  Data  Link  System  Capacity.  It  should  be  noted  at  the  outset  that  the 
principal  constraint  on  DABS  surveillance  and  data  link  system  capacities  is 
not  a function  of  the  DABS  signal  format  itself,  but  of  the  automated  aircraft 
tracking,  data  handling  and  interrogation  scheduling  equipment  which  will  be 
used  to  control  DABS  operation.  Also,  the  capacities  of  the  data  channels 
connecting  the  DABS  site  computers  with  NAS  and  ARTS  computers,  and  those 
computers  themselves,  limit  DABS  capacity. 

If  otherwise  unconstrained  by  interleaved  ATCKBS  interrogations,  a DABS 
sensor  is  capable  of  completing  5650  interrogation/reply  pairs  per  second,  or 
/A  interrogations  per  degree  of  scan,  bast'd  on  a four  second  scan  period 
(equations  from  Reference  j).  It  all  aircraft  were  evenly  spaced,  <’b640  could 
be  tracked  by  a single  DABS  site,  although  normal  bunching  of  aircraft  azimuths 
would  reduce  this  value  in  practice.  Based  upon  analysis  ot  the  projected  1995 
environment  in  the  Los  Angeles  basin,  a peak  count  of  1700  aircraft  would  be 
tracked  at  any  one  time,  and  this  would  be  accomplished  by  four  or  more  sites 
[7].  The  resulting  interrogation  rate  [/]  would  be  647  interrogation  replies 
per  second,  total  for  all  sites.  This  would  form  the  basis  of  the  actual 
capacity  requirement  for  the  automated  equipment,  used  to  control  DABS  operation 
and  track  aircraft.  If  Synchro-DABS  capability  is  to  be  supported,  as  expected, 
the  number  of  interrogation  replies  would  double  (for  the  same  number  of  tracked 
aircraft),  since  a synchronized  reply  would  be  transmitted  by  each  aircraft 
upon  each  antenna  scan.  Theoretical  DABS  tracking  capacity  is  reduced  somewhat 
further  by  Synchro-DABS  since  the  synchronized  jplies  must  be  transmitted  at 
certain  points  in  time  (epochs).  However,  the  DABS  signal  saturation  point 
still  far  exceeds  any  possible  foreseen  traffic  load. 

The  addition  of  data  link  capability  to  the  DABS  function  increases  the 
reply  message  length  from  54  to  IT’D  microseconds  for  those  DABS  signals  which 
contain  messages.  However,  any  standard  data  link  transmission  (either  air/ 
ground  or  ground/air)  may  also  serve  as  either  a tracking  interrogation  reply 
or  synchronization  reply.  Therefore,  with  a few  exceptions  to  be  discussed 
later,  data  link  does  not  necessarily  require  more  messages,  only  that  some 
messages  be  of  longer  duration.  The  preceding  is  not  true  for  the  DABS  Extended 
length  Message  (ELM)  capability,  where  a special  format  message  with  higher 
data  content  is  used  for  transmitting  larger  volumes  of  data  to  s.  .'..ally 
equipped  aircraft  on  a lower-priority  basis. 

This  analysis  shall  consider  an  earlier  assessment  of  required  JABS  system 
capacity  [7],  update  it  for  recent  developments  in  message  format  and  usage, 
and  then  determine  the  degree  of  change  in  DABS  support  automation  capacity  re- 
quired providing  that  RNAV  is  implemented  as  the  primary  navigation  system.  In 
addition,  the  added  impact  of  supporting  an  optional  RNAV  feature.  Route  Data 
Delivery  (ROD),  is  determined. 
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ANALYSIS 


Data  presented  in  Reference  7,  “All  Performance  Requirements  for  ,Vvo  lop- 
ing Prototype*  Versions  of  the  Pisirrto  Add  res  s Be.u  on  System",  is  used  as  the 
basis  of  this  study.  In  that  roferemo,  the  1995  l o*  Angeles  Basin  traffic 
model  developed  for  use  in  the  Air  Ir.iffu  fontrol  Advisory  t oimi  1 1 1 ee  report 
[1.1]  was  used,  although  that  traffit  model  was  further  broken  down  to  identify 
those  numbers  of  aircraft  actually  arr 1 ving/depart mg  1 AX  airport,  those  on 
final  approach,  those  HR,  those  in  positive  controlled  airspace,  those  in  mixed 
airspace  and  VfR  aircraft  in  TCA's.  The  l .A.  Basin  dimensions  are  60  x 120 
miles,  and  it  would  be  expected  that  four  or  more  DABS  sites  would  serve  the 
area.  Also  in  Reference  7 the  basic  coverage,  surveillance  range  and  accuracy 
and  update  rates,  and  basic  data  link  performance  requirements  are  discussed 
as  they  apply  to  each  of  the  segments  of  traffic  identified  earlier.  The 
analyses  included  requirements  for  Intermittent  Positive  Control  ( I PC ) system 
performance. 

In  Reference  7,  five  tables  of  data  of  interest  to  this  analysis  are  pre- 
sented; these  tables,  labeled  Table  3-3  through  3-7  in  that  report,  are  re- 
produced and  attached  at  the  end  of  this  discussion.  They  were  derived  under 
the  presumption  that  present  navigational  practices  would  be  continued  into  the 
1995  time  period;  this  was  not  intended  to  exclude  RNAV,  but  merely  to  maintain 
a conservative  point  of  view  on  the  presumption  that  RNAV  would  result  in  a lower 
overall  data  link  capacity  requirement..  The  first  step  in  the  present  analysis 
has  been  to  review  the  results  presented  in  those  tables  based  upon  recent  de- 
velopments, including  firm  definition  of  DABS  basic  signal  formats  and  inter- 
change protocol  [12],  and  development  of  candidate  data  link  message  formats 
(Section  A. 2).  New  tables  have  been  developed  as  a result. . The  only  significant 
differences  are  as  a result  of  (1)  the  fact  that  separate  messages  were  used  to 
transmit  heading,  airspeed,  and  altitude  data,  and  altimeter  setting  and  commun- 
ications frequency  data  in  the  earlier  report,  whereas  these  have  been  combined 
into  single  messages  in  the  later  analysis,  and  (2)  the  fact  that  certain  messages 
nave  been  found  to  require  two  DABS  transmission  frames  rather  than  one,  as  pre- 
sumed earlier.  The  revised  tables  are  presented  below;  each  is  discussed  in 
order  that  the  differences  with  the  original  tables  may  be  explained.  Each  is 
followed  with  the  equivalent  table  given  that  RNAV  is  implemented,  so  that  a 
direct  comparison  of  the  RNAV  effect  may  be  made. 

LAX  Arr i va 1 s and_  Departures 

The  changes  made  in  the  original  table  (3-3)  an.  shown  in  Table  A. 5,  where 
altitude,  heading  and  speed  have  been  combined  into  a Radar  Vector  m ssage  and 
cornuni cat  ion  frequency  ana  altimeter  setting  are  combined.  In  Reference  7, 
the  number  of  enter  and  leave  holding  pattern  messages  were  taken  to  be  equal 
to  the  percent  ot  arrival  aircraft  holding  (25';.] , whereas  it  is  felt  to  be  more 
realistic  to  treat  most  of  the  arrivals  as  having  been  held  at  one  time  or  an- 
other if  that  many  aircraft  are  in  the  holding  pattern,  and  so  0.75  such  messages 
per  arrival,  rather  than  0.25,  are  presumed.  The  results  shown  in  Table  A. 5 in- 
dicate a significant  savings  in  message  rate  over  the  earlier  study  described  in 
Reference  7.  The  footnotes  to  the  table  explain  changes  made  to  Table  3-3,  Ref- 
erence 7. 
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Table  A 

Uplink  Message  Rates  I FR  Arrivals  and  Departures 
LAX  TCA  (No  RNAV) 


Frames 

Minutes 

Message 

Messac 

es/AC 

Per 

in 

Messaqes/AC/Minute  i 

Mr 

DEP 

Messaqe 

Control 

ARR 

DEP 

Radar  Vector1 

8 

3 

1 

20 

0.40 

0.15 

Comm.  & Alt.  Set.2 

2 

2 

2 

20 

0.20 

0.20 

Route  or  Runway 

1 

1 

1 

20 

0.05 

0.05 

Ground  Control 

3 

4 

1 

20 

0.15 

0.20 

Enter  Hold 

.75 

- 

1 

20 

0.04 

— 

Leave  Hold 

.75 

- 

1 

20 

0.04 

— 

Total 

0.88 

0.60 

Reference 

2,  Table 

3-3 

1.09 

0.70 

fourteen  individual  arrival  messages  conbined  into  eight,  six  departures 
messages  into  three. 

2Three  arrival  and  departure  messages  combined  into  two. 


Table  A.5-R 

Uplink  Message  Rates  - IFR  Arrivals  and  Departures 


LAX  TCA  (100%  RNAV) 


Message 

Messaqes/AC 

Frames 

Per 

Messaqe 

Minutes 

in 

Control 

Messaqes/AC/Minute 

ARR 

DEP 

ARR 

DEP 

SID/ STAR 

1 

1 

1 

20 

0.05 

0.05 

RNAV  Amendment 

1 

- 

1 

20 

0.05 

— 

Radar  Vector 

3 

1 

1 

20 

0.15 

0.10 

Comm.  & Alt.  Set. 

2 

2 

2 

20 

0.20 

0.20 

Route  or  Runway 

1 

1 

1 

20 

0.05 

0.05 

Ground  Control 

3 

4 

1 

20 

0.15 

0.20 

Enter  Hold 

.75 

I 

20 

0.04 

— 

Leave  Hold 

.75 

1 j 20 

0.04 

— 

Total 

0.73 

0.60 
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The  results  of  an  egu i va lent  analysis  using,  wherever  possible,  RNAV  pro- 
cedures are  shown  in  Table  A.5-R.  In  that  table  the  eight  arrival  radar  vectors 
are  replaced  with  a STAR  route  message,  one  RNAV  route  amendment  for  sequencing 
purposes  and  three  radar  vectors.  The  vectors  are  for  speed  changes  not  shown 
on  the  STAR  procedure,  and  the  final  sequencing  turn  onto  the  approach  course. 
Similarly,  the  three  departure  radar  vectors  are  replaced  by  a Sll)  message  and 
one  vector.  Of  the  message  rates  which  result,  in  the  arrival  case  it  is  lower  , 
while  in  the  departure  case  the  rate  is  the  same.  Iherefore,  as  expected,  the 
use  of  RNAV  procedures  helps  the  situation  rather  than  hurting  it. 

[n route  Operations  Above  10,000  It 

The  changes  made  in  the  original  table  (3-4)  are  shown  in  Table  A. 6,  where 
altitude,  heading,  speed  and  frequency  assignments  are  combined  into  radar  vector 
messages  of  one  frame  length  (alt.,  heading,  speed)  and  two  frames  length  (in- 
cluding communication  frequency).  Other  data  remains  as  before.  The  results  do 
not  differ  significantly  with  the  earlier  analysis  [7],  with  some  message  rates 
being  higher  and  some  lower.  The  results  ot  the  equivalent  RNAV  analysis  are 
presented  in  lable  A.S-R;  sliqht  reductions  in  overall  message  rate  resulted  from 
the  replacement  of  some1  radar  vector  messages  with  RNAV  control  messages.  The 
RNAV  messages  are  the  SID/STAR  route  message  and  RNAV  Route  Amendment  message. 

The  remaining  radar  vectors  are  for  speed  changes  and  communication  frequency 
upda  tes. 

Vf  R A i r<  raft  in  1 CA 

The  changes  made  in  the  original  table  (3-‘a)  of  Reference  7 are  shown  in 
Tat) I o A. 7.  Again,  altitude,  heading,  speed,  frequency  and  altimeter  setting 
messages  are  combined  into  one-and  two-frame  radar  vert  or  messages . 1PC  advisories 
wore  also  estimated  for  this  case;  the  values  used  are  the  same  as  were  derived 
in  the  earlier  analysis.  The  results  of  an  equivalent  RNAV  analysis  arc'  shown 
in  Figure  A. 7-R,  where  a sliqht  reduction  in  message  rate  results. 

Total  Average  Uplink  Message  Rate 

The  results  in  Tables  A.(>,  A.t>  and  A.  7,  plus  the  results  of  an  1PC  message 
rate  analysis  from  Reference  7 (which  refers  to  Reference  14),  are  summarized  in 
Tables  A. 8 and  A.R-R.  These  results  should  he'  compared  with  Table  3-5  from  Ref- 
erence /.  These  tables  include  the  absolute  numbers  ot  aircraft  in  each  category 
of  use,  such  that  the'  overall  mess.uie  rate  may  be  estimated.  The'  I PC  message  rate 
estimates  in  Table  3-‘>  ace  based  upon  Reference  14.  It  should  he  understood  that 
these  estimates  presumed  that  the  IPC  messages  would  tie  repeated  in  every  scan. 
However,  this  repetition  should  not  be  necessary  according  to  the  way  the  DAPS 
is  now  structured.  To  convert  the  repetitive  message  rates  given  (PWl-b  aircraft 
per  minute';  Positive  Control  -0.8  per  aircraft  per  minute)  to  one-shot  messages 
followed  by  a cancellation  messaqo  when  the  threat  is  over,  it  was  presumed 
that  each  PWI  situation  lasts  an  average  of  ?.  minutes  before'  change  or  cancel lation , 
while  the  positive  control  situation  would  last  1 minute  (based  upon  the  thirty 
second  threat  criteria).  Presuming  an  average  scan  repetition  rate  of  4 seconds, 
new  values  for  PWI  alert/cancel  message  rate  and  for  Positive  Control  control/ 
cancel  message  rate  of  0.40  and  0.11  messages  per  minute  were  derived.  These 
are  the  values  used  in  Tables  A. 8 and  A.R-R.  lurthermore,  refinements  in  the  PWI 
and  IPC  threat-ova  1 uat i on  techniques  currently  under  development  should  reduce 
these  values  even  more.  It  should  be  noted  that  the  IPC  message  rates  shown  in 
Table  A. 8 are  relatively  large  compared  to  AT C message  rales  only  because  there 
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I dt>  If  A.  f> 

Uplink  Message  Rates  ••  HR  Enroute 
Above  10,000  ft.  (No  RNAV) 


Message 

Frames 

Per 

Arri vals 

Departures 

Overs 

Wi  thins 

Radar  Vector 

1 

4 . 5 

2.0 

0.5 

4.0 

Vector  with  Comm  Freq. 

2 

2.  b 

2.5 

3.4 

3.0 

Route  or  Runway 

1 

1.0 

1.0 

- 

2.0 

Route  Changes 

1 

0.2 

0.3 

0.2 

0.4 

Total  Frames 

10.7 

8.3 

7.5 

12.4 

Control  Life 

33.1 

40.2 

59.3 

46.8 

Messages/AC/Minute 

0.32 

0.21 

0.13 

0.26 

% Traffic 

34.9 

24.8 

16.3 

24.0 

Overall  Averaqe 

0.24 

0.26 

Reference  2,  Table  3-4 

0.26 

0.32 

Tab  It*  A . (t - R 

Uplink  Message  Rates  - IFR  Enroute 
Above  10,000  ft.  (100%  RNAV) 


Message 

Frames 

Per 

Arrivals 

Departures 

Overs 

Wi thins 

SID/STAR 

1 

1.0 

1 

2.0 

RNAV  Amendment 

1 

1.0 

. 

_ 

1.0 

Radar  Vector 

1 

0.8 

- 

- 

0.2 

Vector  with  Comm.  Freg. 

2 

2.5 

2.5 

3.4 

3.0 

Route  or  Runway 

1 

1.0 

1 .0 

- 

2.0 

Route  Changes 

1 

0.2 

0.3 

0.2 

0.4 

Total  Frames 

9.0 

7.3 

7..0 

11.6 

Messages/AC/Minute 

0.27 

0.18 

0.12 

0.25 

Overall  Average 

0.21 

0.25 
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Uplink  Message  Rate  VFK  Aircraft 
in  TCA  and  VFR  Highways  (No  RNAV) 


Message 

Frames 

Per 

Messages/AC 

Minutes 

Messages/AC/ 

Minute 

Radar  Vector 

1 

2 

20 

0.10 

Vector  with  Comm.  & Alt. 

2 

1 

20 

0.10 

I PC 

1 

2 

20 

0.10 

Total 

0.30 

Reference  2,  Table  3-5 

0.40 

Table  A.7-R 

Uplink  Message  Rate  - VFR  Aircraft 
in  TCA  and  VFR  Highways  (100%  RNAV) 


Messages 

Frames 

Per 

Messages/AC 

Minutes 

Messages/AC/ 

Minutes 

RNAV  Amendments 

1 

1 

20 

0.05 

Vector  with  Comm.  & Alt. 

2 

1 

20 

0.10 

I PC 

1 

2 

20 

0.10 

Total 

0.25 
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is  so  much  traffic.  AIC  messages  are  roughly  proportional  to  traffic  density, 
whi le  PWI/IPC  messages  are  roughly  proportional  to  the  square  of  traffic  density, 
since  airspace  conflicts  tend  to  exhibit  such  behavior  (see  mass  flow  analogy 
in  Reference  lb). 

As  may  be  seen  by  comparing  Table  A.H-R  with  A. 8,  the  use  ot  KNAV  reduces 
the  number  of  AT C- re  la ted  messages  by  O.b  messages  per  second  (1P>),  along  with 
wtiich  there  should  be  an  equivalent  reduction  in  the  complexity  ot  the  computer 
hardware  required  to  receive,  schedule  and  monitor  transmission  ot  such  messages. 
Since,  as  stilted  before  from  Reference  /,  the  average  DABS  interrogation  rate  is 
643  interrogations  per  second,  t tie  added  burden  on  DABS  channel  usage  of  13 
messages  per  second  is  negligible.  Ibis  is  particularly  true  since  most  such 
messages  will  be  transmitted  as  a part  of  the  standard  tracking  or  synchronisation 
interrogation  (Note:  if  Synchro-DABS  is  implemented,  the  643  interrogations  from 
[7]  nearly  doubles). 

Extended  Lencjth  Messages 

In  Reference  7,  the  subject  ot  Lx  tended  Length  Message  service  is  analyzed 
from  both  the  points  of  view  of  extended  AIC  service  messages  and  company  messages. 

It  concludes  that  a reasonable  mean  TIM  data  rati  for  the  1995  peak  traffic  period 
would  be  156  characters  per  second.  Since  the  FLM  format  provides  for  an  80 
character  data  block  [12],  two  additional  DABS  messages  per  second  would  be  re- 
quired t.o  provide  such  service.  Thus  the  total  message  count  would  be  15  (non- 
RNAV  or  14.5  ( RNAV ) . 

Downlink  Messages 

DABS  response  messages  fall  in  tour  basic  categories:  Surveillance  Responses 
(not  of  concern  hero).  Technical  Acknowledgements  (the  return  of  uplinked  data 
to  the  ground  for  error  detection),  MIS  Position  Reports  (an  optional  capability 
to  provide  for  closely-spaced  parallel  runway  monitoring),  and  Pilot  Requests. 

In  addition.  Reference  7 erroneously  lists  pilot  acknowledgement  of  I PC  and  ATC 
commands  or  requests  as  being  downlink  messages;  according  to  present  formats, 
these  data  are  transmitted  as  bit  settings  in  the  normal  interrogation  response 
message,  which  is  not  a data  link  message.  All  uplink  messages  receive  technical 
acknowledgements,  so  this  contributor  to  total  downlink  messages  is  already  de- 
fined. Reference  7 estimates  that  the  pilot  requests  for  data  will  occur  at  the 
rate  of  three  times  per  hour  per  aircraft  (0.4  messages  per  second  overall). 

While  this  is  probably  rather  high,  it  is  small  in  comparison  to  the  other  numbers 
and  so  will  not  be  changed  here.  Reference  7 also  estimates  that  1.’  messages  per 
second  would  be  received  due  to  the  MLS  monitor  feetirv.  This  would  result  from 
t monitoring  three  aircraft  on  each  of  the  four  approar  path'  presumed  to  exist  in 

) 1995,  with  an  update  rate  of  once  per  second.  This  value  (12/secottdl  i-  large 

compared  to  the  other  message  frequency  ( 1 3/second-a 1 1 services).  This  may  be 
necessary  to  achieve  a higher  degree  of  control  to  allow  very  close  runway  spacing. 
It  should  be  recognized  that  this  is  an  exceptional  service;  only  one  of  the  DABS 
sites  in  the  area  would  be  required  to  support  it.  Presumably,  special  processing 
} equipment  would  be  developed  for  monitoring  the  approaches  Total  downlink  re- 

quirements are  summarized  in  Table  A. 9. 
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Table  A.ii 


Total  Average  Uplink  Message  Rate 
1995  Peak  Traffic,  LAX  Basin  (No  RNAV) 


Aircraft 

From 

Table 

Messages/AC/ 

Number 

Cateqory 

Minute 

of  AC 

IFR  Arrivals 

A.‘> 

0.88 

67 

IFR  Departures 

A.  5 

0.60 

67 

IFR  Holds 

A . ‘l 

0.251 

16 

GA  Overflights 

A.  6 

0.24 

280 

IFR  Withins 

A . f> 

0.26 

50 

PWI  Advisories 

A 

0.40 

1010 

IPC  Commands 

A 

0.11 

1010 

VFR  in  TCA 

A./ 

0.30 

265 

(0.20  ATC) 
(0.10  IPC) 

Total 

Reference  2,  Table  3 

-6 

Messages 
Per  Second 


1.0 

0.7 

0.1 

1.1 

0.2 

6.7 

1.9 

1.3 

(0.9  ATC) 

(0.4  IPC) 


JIt  was  presumed  that  each  holding  aircraft  would 
receive  an  altitude  reclearance  every  four  minutes. 

*These  values  were  taken  from  the  text. 


Table  A.8-R 

Total  Average  Uplink  Message  Rate 
1995  Peak  Traffic,  LAX  Basin  (100%  RNAV) 


Table  A. 9 Downlink  Message  Rates  1995  Peak  Traffic,  LAX  Basin 


Message  Type 

Messages/Second 

Technical  Acknowledgment* 
Pilot  Requests 

MLS  Position  Report 

13.0  (12.5  RNAV) 
0.4 

12.0 

TOTAL 

25.4  (24.9  RNAV) 

■ */Note/  ELM  messages  are  not  technically  acknowledged 


Route  Data  Delivery  Option 

Route  Data  Delivery  (RDD)  is  an  optional  capability  which  could  be  used  for  dis- 
tributing waypoint  data  to  equipped  aircraft  automatically  upon  request  of  the 
airborne  DABS  unit.  It  would  serve  as  a substitute  for  an  airborne  data  base 
in  the  RNAV  system,  or  manual  input  of  waypoint  parameters.  The  impact  of  RDD 
on  DABS  channel  usage  obviously  depends  upon  the  number  of  aircraft  which  would 
use  this  service.  It  was  assumed  for  present  purposes  that  50%  of  all  IFR  air- 
craft would  use  it.  The  cases  of  the  TCA  arrivals/departures,  which  would  use 
standard  SID/STAR  procedures,  and  of  other  IFR  operations,  which  would  use  ordin- 
ary enroute  transitions  to  approach  procedures  and  standard  departures  to  enroute 
waypoints,  are  considered  separately. 

TCA  Arrivals /Departures 

An  uplink  rate  of  0.6  messages/AC/minute  for  the  SID/STAR  data  results  from 
an  assumption  that  each  procedure  contains  six  waypoints,  and  each  waypoint  re- 
quires two  DABS  frames,  and  each  aircraft  is  under  control  for  twenty  minutes. 
Presuming  50%  participation  of  the  67  arriving  aircraft: 

TCA  Uplink  Rate  = 0.3  Messages/Second 

The  downlink  rate  for  data  requests  in  this  case  is  negligible. 

Other  IFR  Operations 

The  uplink  message  rates  for  the  other  330  IFR  aircraft  were  arrived  at 
through  the  following  presumptions: 

• Basin  Dimensions  = 60  x 120  nm 

• Waypoint  Spacing  = 40  nm 

• Approach  Waypoints  = 3 

• Departure  Waypoints  = 2 
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Category 


IMil' 

iraaii 

3 

2 

3 

1 

1 

Frame  Msg/AC/Min 


Overal  1 
e 


Category 

Overal 1 
Average 

Number 

Ai  rcraft 

Participation 

Messages 

Per  Second 

Total 

Arrivals 

Departures 

. 0.20 

280 

50* 

0.5 

Overs 

Withins 

0.28 

50 

501 

0.1 

0.6 


The  downlink  message  rates  are  based  upon  the  following  presumptions  for 
number  of  data  requests: 

• Arrivals  = 0.5  for  route  *•  1.0  for  approach 

• Departures  = 1.0  for  departure  + 1.0  for  route 
t Within  - 1.0  for  departure  + 1.0  for  approach 

• Overs  =0.5  for  route 

Toe  0.5  value',  for  route  data  presume  that  in  many  eases  such  data  will  have 
already  been  delivered  before  entering  the  l AX  area.  The  results  are  presented 
in  Table  A. 1 1 (one  frame  per  message),  using  other  data  (control  life,  etc.) 
from  Table  A. 10. 

Table  A. 11  Non-TCA  IFR  Downlink  Rates  - RDD 


Category  _ Messages 

Route  jA'ppr f Pep. 

Arrivals  0.5  1 

Departures  1 - 1 

Overs  0.5 

Withins - 1 1 


_LJ_JL 


]Msg/AC  i Overal  I'Msg  Per' 
ITotal  /Min  Average  Second  Total 
~T7!>  0.05  " -s  T~ 

2.0  0.05  > 0.04  0.1 

0.5  0.01  jj 

2.0  | 0.04  j 0.04  0.0  0.1 
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SUMMARY  OF  TACTICAL  UPLINK  MESSAGE  RATES 
FOR  IFF  ARRIVALS  AND  DEPARTURES  IN  A TCA 


(Reference  /) 


Table  3-4 


TACTICAL  UPLINK  MESSAGE  RATE  FOR  IFR 
ENROUTE  ABOVE  10,000  FEET 


Arrivals 

Departures 

Overs 

Altitude 

Assignment 

3.9* 

1.5* 

.8* 

3.1* 

Heading 

Assignment 

mm 

3.0 

■Zl 

■ 

Speed 

Ass ignment 

.8* 

.2* 

Voice  Frequency 
Assignment 

2.5* 

2.5* 

3.4* 

3.0* 

Route  Clearances 

1.0 

1.0 

2.0 

Route  Changes 

.2* 

.3* 

.2* 

.4* 

Total  message/aircraft 

11.4 

8.3 

KBS 

14.7 

Control  Life  (min) 

33.1* 

40.2* 

59.3* 

46.8* 

Messages/aircraft/ 

minute 

.34 

1 

- 

CM 

* 

.0'/ 

.32 

Z of  Traffic 

34.9* 

24.8* 

16.3*  24.0*  j 

Overall  Average 
messages /aircraft/ 
minute 


* Based  on  peak  day  Chicago  ARTCC  December  1968 
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TACTICAL  Ui'LlNK  MESSAGE  KATES  FOR  VFK  AT  KCKAKT 
IN  TCA  AND  VKR  HIGHWAYS 


(Reference  /) 
Table  J-6 


AVERAGE  UPLINK  MESSAGE  RATE  FOR  1995, 
PEAK  TRAFFIC  IN  LAX  BASIN 


Aircraft 

Category 


IFR  arrivals 


IFR  departures 


IFR  holds 


CA  overflights 


IFR  withins 


IPC  advisories 
in  nixed  airspace 


IPC  commands 
in  mixed  airspace 


VFR’s  in  TCA/ 
VFR  highways 


Per  Aircraft 
Message  Rate 
(Messages/aircraf t/min) 


Number 

of 

Aircraft 


1.09 


0.70 


0.26 


0.32 


6.0 


.80 


67 


67 


16 


280 


50 


1010 


1010 


.40 

.30  ATC 
.10  IPC 


265 


Average 
LAX  Basin 


Message  Rate 
(Messages/ sac) 


1.2 


0.0 


1.2 


0.3 


100.0 


13.4 


1.8 

1.3  ATC 
.5  IPC 


(Reference  7) 


Table  3-7 

DOWNLINK  TACTICAL  MESSAGE  RATE 
FOR  LAX  HAS IN  DURING  PEAK  TRAFFIC 


Type  of  Downlink 

Average  Number 

Message 

of  Messages/Sec 

Technical  Acknowledgement 

118.7 

Pilot  Acknowledgements 

18.2 

MLS  Position  Report 

12.0 

Pilot  Requests 

0.4 

l 


Total  =149.3 


APPENDIX  B 


RNAV  INTERACTION  WITH  FSS  AUTOMATION 


B.l  INTRODUCTION 

The  Upgraded  Third  Generation  ATC  System  (UG3RD)  includes,  as  one  of  its 
nine  major  elements,  the  considerable  revamping  and  enhancement  of  the  flight 
service  station  system.  This  is  referred  to  as  the  Automated  FSS  Program. 

The  near  term  FSS  improvements,  many  of  which  are  designed  to  facilitate  tran- 
sition to  the  automated  FSS  envi ronment,  fall  under  the  auspice^  of  the  FSS 
Modernization  Program.  The  purpose  of  this  portion  of  the  study  is  to  address 
the  potential  impact  of  RNAV  implementation  on  the  current,  interim  and  auto- 
mated FSS  system. 

B.2  FSS  SYSTEM  DESCRIPTION 

This  section  presents  a brief  description  of  both  the  current  and  auto- 
mated flight  service  station  systems.  The  level  of  detail  provided  has  been 
limited  to  that  necessary  for  the  understanding  of  the  RNAV  impact  analysis. 
More  detailed  descriptions  can  be  obtained  in  References  16,  17,  18  and  24. 

The  automated  FSS  program  plans  have  undergone  modification  significantly  in 
certain  areas  recently.  Reference  24  is  the  most  recent  official  definition 
of  future  plans,  while  the  other  three  documents  give  historical  perspective. 
The  FSS  descriptions  contained  herein  are  based  upon  these  documents,  and 
upon  meetings  and  subsequent  discussions  with  FAA/SRDS  [19],  NATCOM/WMSC  [20], 
and  Atlanta  FSS  [21]  personnel,  and  are  believed  to  be  current  and  accurate 
with  regard  to  FSS  concepts.  Supporting  documentation  of  the  finer  details  of 
FSS  operation,  however,  are  not  available.  For  the  most  part,  any  areas  of 
uncertainty  which  are  of  major  importance  to  the  FSS  concept  have  little,  if 
any,  bearing  on  RNAV  impact. 

B.2.1  FSS  Functions 


For  purposes  of  reader  familiarization  and  to  provide  a framework  for 
the  description  of  the  current  and  future  FSS  systems,  a listing  of  the  basic 
FSS  functions  will  be  presented  in  this  section.  The  functions  are  reasonably 
sel f -explanatory  and  the  detailed  presentation  of  their  purpose  and  method  of 
accomplishment  will  be  deferred,  as  this  is  an  integral  part  of  the  RNAV  im- 
pact evaluation. 

The  flight  service  stations  currently  perform  the  following  basic  functions 

(1)  Surface  Weather  Observations  (airport  advisories) 

(2)  NAVAID  Monitoring  (NOTAM  processing) 

(3)  Mass  Pilot  Weather  Briefings 

(4)  Individual  Pilot  Weather  Briefings  (and  PIREP's) 

(5)  IFR/DVFR  Flight  Plan  Processing 

(6)  VFR  Flight  Plan  Processing  (initiation  of  Search  and  Rescue 
operations 

(7)  Emergency  Flight  Assistance  Service 

(8)  ARTCC/Pi 1 ot  Backup  Communication  (relaying  ATC/pilot  messages) 

(9)  Law  Enforcement  Assistance 

(10)  Administering  Airman  Examinations 
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It  should  he  noted  that  these  turn  lions  i an  tie  grouped  or  c at  egor  i zed  in 
a variety  ot  ways.  I he  scheme  adopted  here  is  intended  to  tae  ilitate  the 

subsequent  discussions  of  kNAV  impact. 

li.d./  Current  System  and  facilities 

The  current  I V>  system  can  be  best  characterised  as  an  extensive  network 
of  flight  service  stations  and  communication  facilities.  The  stations,  of 
which  there  are  ?9/ , are  staffed  by  a total  of  4,01)0  personnel  trained  in  the 
areas  of  weather,  aviation  and  ATC  procedures.  The  communication  facilities 
enable  TSS  personnel  to  communicate  with  the  National  Weather  Service,  pilots 
(both  before  and  during  flight)  and  the  ATC  system.  Within  this  network,  the 
I SS  gathers,  disseminates  and  exchanges  information  and  provides  emergency 
ass i stance . 


A flow  diagram  depicting  the  I SS  and  related  communication  networks  is 
provided  in  I igure  B.l.  The  major  elements  ot  Liu1  I SS  system  will  now  be  ex- 
pla i ned . 

Approximately  hall  of  the  I SS  workload  involves  weather  dissemination. 

A critical  element  to  the  success  of  these  functions  is  the  TSS  support  and 
access  ot  a centralized  national  weather  data  base.  The  I SSs  support  the 
existence  of  such  a data  base  through  the  surface  weather  observations,  NAVA1P 
monitoring  and  pilot  report  (PIRI  P)  proi essing  functions.  The  synoptic  weather 
information  is  disseminated  vi.i  the  Service  f teletype  system.  Other  aviation 
weather  data  and  NOTAM  information  is  disseminated  via  national  weather  commun- 
ication. Tach  of  these  teletype  systems  have  centralized  circuits  at  the 
National  Communications  Center/  Weather  Message  Switching  Center  (NATCOM/WMSC) 
in  Kansas  City.  Through  the  WMSC,  the  weather  data  can  be  channeled  to  any  of 
a variety  of  subscribers.  In  particular,  the  data  is  made  available  to  the 
National  Weather  Service.  It.  is  appropriate  to  note  that  about  half  of  the 
basic  weather  observations  used  by  the  NWS  for  the  purpose'  of  making  forecasts 
are  provided,  in  this  way,  by  the  I SS  system.  The  National  Meteorological 
Center  (NMC,  Suit  land,  Md)  is  also  corinoi  ted  to  the  WMSC  The  NWS  Weather 
Service  forecast  Offices  (WSfO)  prepare  a great  many  aviation  oriented  weather 
forecasts  which,  in  turn,  are  available  to  t tie  I SSs  through  I lie'  teletype  systems. 

f SS  communication  with  the  ATC  system  (towers,  ARICCs)  is  accomplished 
via  the  Service  B teletype  system  and  interphone..  Regular  telephone  service 
provides  backup  communication  when  necessary. 

The  f SS/pi lot  communication  capability  is  provided  by  radio  roaucast  and 
two  way  r.idio  facilities,  lath  f SS  is  capable  of  making  radio  bin.. ...  as  ts  over 
the  audio  channels  ol  the  NAVA  IDs  (VUU,  VORIAC  aiiu  NObs ) vd  u h i . ,101. . tors. 

This  i'.  the  primary  means  by  which  scheduled  or  continuous  mass  m i light  weather 
briefings  are  accompl  ished.  f.ach  1 also  has  two-way  radio  capability,  in 
most  instances,  the  two-way  radio  network  is  supplemented  tn  remote1  communica- 
tion outlets  (KCO),  limited  remote  communication  outlets  (LKCO)  and  single'  fre- 
jiu.Th.y  outlets  (SFO).  There  are  approx  imately  BOO  of  these''  facilities,  which 
ire  generally  located  so  as  to  remedy  terrain  masking  difficulties  and,  thereby 
provide  radio  communication  throughout,  the'  ent  ire  I SS  region. 


i c a t i o n Networks 


The  final  1 SS  radio  network  i •.  the  direction  finder  (1)1  ) system.  Ifus 
consists  of  Approximately  210  His,  of  which  /()  percent  are  operated  by  the 
FSS  system.  Each  [)f  is  capable  of  ascertaining  the  direction  to  an  aircraft 
providing  the  aircraft  is  radio  equipped  and  within  ranqe.  The  1)1  system 
is  used  primarily  for  emerqoncy  fliqfit  assistance  service. 

The  current  f SS  system  is  hiqfily  dec  ent  ra  I i /ed , with  a large  number  of  FSSs, 
each  serving  a reasonably  small  geographical  region,  further,  .ill  I SS  functions, 
as  they  are  currently  accomplished,  arc'  very  labor  intensive  and  there  is 
virtually  no  automation  support. 

[3 . 2 . 3 future  System)  facilities 

It  is  difficult  to  segregate  potential  I SS  improvements  as  to  whether 
they  are  a part  of  the  TSS  Modernization  or  Automated  KSS  programs.  No  attempt 
to  do  so  will  be  made.  Those  elements  of  FSS  improvement  which  have  a bearing 
on  or  will  ultimately  lead  to  an  automated  FSS  environment  will  be  addressed 
independent  of  their  parent  program. 

From  the  user's  point-of -view,  the  current  FSS  system  is  capable  of  ad- 
equately discharging  its  responsibilities.  While  improved  service  is  expected  to 
result,  the  motivating  force  behind  major  FSS  improvements  is  not  improved  service, 
but  rather  reduced  costs.  The*  current  I SS  system  is  operating  at  near  capacity 
levels.  Most  aviation  forecasts  project  considerable?  traffic  growth,  partic- 
ularly in  the  general  aviation  sector.  The  next  15  to  ?0  years  may  very  well 
produce  a doubling  (or  more)  of  the  traffic  level.  Since  the1  current  FSS 
functions  are  highly  manpower  intensive,  doubling  of  the  traffic  level  will 
essentially  necessitate  doubling  of  the  FSS  staffing.  Ibis  problem  is  com- 
pounded by  the  decentral ization  of  the*  current  system,  which  limits  the  ability 
of  the  system  to  react  quickly  to  changes  in  the  distribution  of  traffic. 

Such  changes  cause*  certain  ISSs  to  become  overworked,  requiring  the  addition 
of  stations,  but  seldom  can  the  associated  under-burdened  stations  be  decom- 
missioned. The  station  network  is  already  outdated.  If  major  improvements  are 
not  made,  additional  facilities  may  very  well  be*  needed,  in  addition  to  the 
staffing  increases.  This  situation  is  considered  untenable  and  is  the  primary 
justification  for  the  automated  I SS  concept. 

The  anticipated  FSS  improvements  can  be  categorized  into  three  general 
areas : 


(1)  Communication 

(2)  Automation 

(3)  Centralization 

Common i ca  t i on  Improvemon ts : 

The  primary  communication  improvements  involve  the  replacement  of  the  teletype 
systems  by  higher  speed  communication  lines.  This  is  expected  to  be  supported 
by  the  INACS  (Integrated  National  Airspace  Communication  f -.tom)  which  is  pres- 
ently under  development.  Particularly  on  the  FSS  end,  these  improvements  would 
tie  accompanied  by  more  efficient  input/output  device's,  such  as  nichor  speed 
printers,  CRTs  and  graphic  displays.  While  these*  program*  are  ma.  or  under- 
takings, they  have  no  interface  with  RNAV  other  than  : he*  o nation  format 
specifications,  which  will  be  discussed  under  their  respective  functions.  Im- 
provement in  the  communication  channels,  however,  is  irncal  to  ail  other  FSS 
improvements . 
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Automation  Improvements: 


As  the  program  name  implies,  considerable  improvements  in  the  area  of  auto- 
mation are  envisioned.  These  art'  to  be  supported  by  a Central  Aviation  Weather 
Processor  (AWP),  and  by  computational  facilities  at  each  ISS.  The  major  areas 
of  automation  improvement  will  now  be  described. 

Aviation  Weather  Processor 

The  Central  Aviation  Weather  Processor  (AWP)  will  provide  weather  data 
services  to  each  FSS.  It.  will  be  the  link  between  the  WMSC  and  each  automated 
FSS  hub  computer,  this  will  include  both  alphanumeric  and  graphic  data. 

Centra  1 i / at.  ion 

The  most  striking  proposed  alteration  to  the  FSS  system  lies  in  the  area 
of  centralization.  The  original  automated  FSS  plans  called  for  an  ultimate 
reduction  to  30  "Hub"  TSSs.  Later  plans  included  Class  1 and  II  hub  facilities, 
which  were  to  be  used  jointly  by  both  classes  of  stations.  More  recent  plans 
have  reverted  to  the  "Class  I only"  concept,  with  a total  of  20  to  30  stations 
envisioned.  Colocation  with  the  ARTCCs  is  being  investigated.  The  centrali- 
zation of  FSSs  still  facilitate  economic  improvements.  Underburdened  stations 
will  be  more  responsive  to  traffic  patterns  and  workload  leveling  benefits  will 
result. 

In  conjunction  with  the  Aviation  Weather  Processor,  each  hub  can  automatic- 
ally accomplish  a variety  of  the  manual  functions  currently  performed  by  FSS 
personnel.  In  particular,  a hub  will  be  able  to  assemble  weather  briefing  in- 
formation tailored  to  specific  user  requests  (automatic  route  briefings,  for 
example).  In  itself,  this  capability  is  a major  time  saving  feature.  Longer 
range  enhancements  include  the  development  of  voice  response  systems  (VRS).  In 
addition  to  its  use  in  individual  pilot  pre-flight  briefings,  the  VRS  would 
permit  the  AWP  to  compile  and  disseminate  all  standard  mass  weather  briefings 
without  specialist  assistance.  This  includes  all  NAVAID  broadcasts  and  PATWAS 
service  (Pilot  Automatic  Telephone  Weather  Answering  Service). 

As  opposed  to  earlier  plans  where  much  automation  was  centralized  in  one 
location,  the  current  automated  TSS  plans  are  providing  for  an  increased  amount 
of  the  general  automation  capabilities  to  be  resident  within  each  FSS.  The 
Aviation  Weather  and  NOIAM  System  (AWANS),  now  operational  in  Atlanta,  includes 
a resident  national  weather  data  base  and  software  support  for  the  automatic  ex- 
traction of  airport,  airport-pair  and  region-oriented  weather  information. 

Pilot  Self- Brief ing  Terminals  (PSBT) 

The  PSBT  is  a CRT  display  with  two-way  channels  to  the  nearest  hub  FSS 
facility.  It  has  two  primary  functions;  it  is  the  input/output  device  tor  the 
automatic  weather  briefings,  and  it  provides  a means  to  file  flight  plans.  In 
the  earlier  automated  FSS  plans  as  many  as  3,500  PSBls  were  envisioned.  These 
were  to  be  available  at.  as  many  airports  as  possible  to  provide  easy  pilot  access. 
The  original  plans  assumed  that  the  PSBTs  could  eliminate  the  need  for  specialist 
intervention  in  as  much  .is  90  percent  of  the  pre-flight  briefings.  This  would 
facilitate  considerable  reduction  (or  lack  of  increase)  in  FSS  staffihg.  This 
assumption,  however,  is  highly  critical  to  the  success  of  the  concept,  so  much 
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so  that  current  plans  are  placing  far  less  emphasis  on  the  widespread  use  of 
PSBTs.  Present  plans  call  for  usage  of  automated  terminal  facilities  to  assist 
the  Flight  Service  Specialist,  with  only  a limited  number  of  remote  (direct 
user)  terminals  deployed.  This  phase  of  automation  is  refered  to  as  the  Base- 
line System  in  Reference  24,  to  be  completed  by  1985.  However,  plans  also 
exist  for  an  Enhanced  System  to  be  initiated  in  1983.  This  Enhanced  System 
will  provide  more  automated  capabilities,  and  will  include  widespread  usage 
of  low  cost  remote  (PSBT)  terminals.  The  lowest  cost  terminal  being  studied 
is  the  "Touch-Tone"  (trademark)  telephone,  using  Automatic  Voice  Response  for 
computer- to-user  communications. 

Aviation-Automa tic  Weather  Observation  System  (AV-AWOS) 

The  final  major  area  of  automation  improvement  is  the  projected  AV-AWOS 
capability.  The  AV-AWOS  components  would  be  located  in  many  areas,  comparable 
to  the  current  FSS  locations,  for  example,  and  would  automatically  perform  the 
FSS  surface  weather  observation  function  and  input  the  data  to  the  WMSC.  This 
is  a long  term  improvement  in  that  advances  in  the  state-of-the-art  are  required 
to  produce  economical  and  accurate  mechanisms  to  measure  ceiling,  visibility, 
etc.  Since  RNAV  and  conventional  weather  data  requirements  are  essentially  the 
same,  when  and  if  this  system  is  implemented  is  not  of  concern  in  this  study. 

B. 3 RNAV  IMPACT  EVALUATION  METHODOLOGY 

At  the  outset,  as  well  as  during  the  conduct  of  this  study,  there  were  no 
major  areas  of  RNAV  impact  which  were  immediately  apparent.  This  is  not  unex- 
pected, however,  in  view  of  the  fact  that  the  UG3RD  is  intended  to  be  a coor- 
dinated package  of  ATC  improvements.  On  the  other  hand,  significant  degrada- 
tion of  the  FSS  or  RNAV  capabilities  need  not  result  only  from  "major"  or  ob- 
vious areas  of  interface.  A primary  purpose  of  this  study,  and  its  associated 
methodology,  is  to  insure  that  the  specific  RNAV  and  FSS  implementation  plans, 
which  have  been  changed  considerably  since  their  original  development,  will 
not  result  in  any  program  incompatibility. 

There  was  one  ground  rule  adopted  in  this  study  which  has  a significant 
impact  on  the  study  methodology  and  results.  Specifically,  the  study  objectives 
were  assumed  not  to  include  an  evaluation  of  the  viability  or  adequacy  of  the 
proposed  FSS  improvements.  In  this  regard,  the  only  assumption  made  was  that 
the  quality  of  service  provided  to  conventional  navigation  users  should  also  be 
provided  to  RNAV  users. 

Since  RNAV  implementation  is  not  relying  on  the  incorporation  of  additional 
functions  into  the  FSS  system,  the  methodology  adopted  for  this  study  involves 
a detailed  examination  of  how  RNAV  implementation  will  affect  those  functions 
which  the  FSSs  are  now  performing  or  are  expected  to  perform.  Both  the  current 
and  automated  FSS  systems,  and  charted  and  pre-planned  direct  RNAV  scenarios,  are 
considered.  In  retrospect,  however,  the  relative  implementation  timing  of  the 
two  programs  did  not  become  an  important  factor. 

RNAV  impact  on  the  FSS  system  may  take  any  of  three  distinct  forms.  The 
first  includes  direct  impact  on  the  FSS  system  induced  by  difficulty  in  processing 
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RNAV  user  requests.  The  second  is  I SS  impact  caused  by  the  necessity  to  provide 
unique  or  expanded  capabi 1 i tics  in  the  qeneral  support  pt  KNAV  implementation, 
lastly,  any  inability  of  the  l SS  system  to  provide  RNAV  users  with  a comparable 
level  of  service  is  indirectly  attributed  as  an  FSS  impact. 

The  methodology  tor  the  examination  of  the  individual  FSS  functions  and 
RNAV  requ i rements  tias  been  devised  so  that  any  potential  impact  of  the  above 
types  will  be  uncovered.  The  methodoloqy  involves  a six-step  process,  as  de- 
scribed below. 

(1)  Delineation  of  the  purpose  of  the  function 

(?)  txamination  ol  the  current  method  of  accomplishment 

(3)  Examination  of  the  future  method  of  accomplishment 

(4)  Determination  of  the  siqnificant  parameters  relating  to 
adequate  performance  of  the  function 

(b)  Determination  of  RNAV  differences  and/or  unique  RNAV  service 
requirements 

(6)  Evaluation  of  RNAV  impact  (by  means  ot  establishing  whether 
or  not  RNAV  differences  or  KNAV  implementation  will  affect 
the  significant,  function  parameters) . 

This  evaluation  process  has  been  applied  to  each  FSS  function,  and  the 
step-by-step  results  are  presented  below. 

IT. 4 RNAV  IMPACT  EVALUATION 

The  purpose  of  this  section  is  to  describe  the  results  of  the  RNAV  impact 
evaluation.  Each  of  the  ten  basic  1 SS  (unctions  are  described  in  detail,  in- 
cluding their  purpose,  current  and  future  methods  ot  accomplishment,  significant 
function  parameters,  RNAV-pecul iar  requirements  and  finally,  RNAV  impact  (ii 
any).  The  descriptions  contained  herein  are  to  some  extent  redundant  with  regard 
to  the'  previous  sections  and  intentionally  redundant  relative  to  the'  reference 
material.  They  are  furnished  in  the  interest  of  providing  a self-contained 
analysis.  Areas  wherein  no  RNAV  impact  was  revealed  are  described  with  the  level 
of  detail  necessary  to  support  the  cone  lusion  and  to  provide  the  reader  with 
sufficient  information  to  re-evaluate  the  conclusion  it  changes  to  current  FSS 
plans  are  made. 

B.4.1  Surface  Weather  Observations  and  Airport  Advisory  Services 
Purpose  of  Function 

More  than  two-thirds  of  the  i SSs  currently  take  hourly  surface'  weather 
observations.  The  primary  purpose'  of  this  function  is  to  provioi  information 
to  the  National  Weather  Service.  Approximately  halt  of  the  basic  weather 
observations  utilized  by  the  NWS  are  provided  by  the  t SS  network. 

Where  FSSs  are  located  on  airports  without  control  towers,  they  also  pro- 
vide airport  advisory  service.  This  service  includes  providing  pilots  with 
basic  airport-oriented  weather  data  (wind,  barometer,  etc),  runway- i n-uso  in- 
formation and  any  pertinent  local  traffic  data. 
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Current  Method  of  Accomplishment 

Both  of  these  services  are  entirely  iiiunua  I exercises,  conducted  at  the  fSS 
site.  The  weather  information  is  distributed  throughout  the  weather  data  system 
via  the  Service  A teletype  circuit.  Airport  advisory  information  is  disseminated 
as  a part  of  the  weather  brief inq  activities  (described  later). 

future  Method  of  Accomplishment 

With  an  ultimate  reduction  to  approximately  20  FSSs,  it  is  apparent  that  a 
change  in  the  weather  data  collection  system  is  necessary.  The  exact  plans  are 
not  definitized.  The  requirement  for  weather  observations  may  be  the  limiting 
factor  in  the  speed  with  which  the  FSSs  can  be  consolidated  and  eliminated.  It 
is  anticipated  that  a reasonable  quantity  of  small  FSSs,  devoted  almost  exclusively 
to  weather  observations,  will  be  required  throughout  an  interim  period.  These 
FSSs  will  also  continue  the  airport  advisory  service  as  necessary.  The  long-term 
plans,  however,  involve  the  FSS  discontinuance  of  both  functions.  In  addition  to 
the  AV-AWOS  system,  the  alternatives  for  weather  observation  include  transferral 
of  the  function  to  the  NWS  and/or  the  use  of  private  contractors  (FBOs,  for  example). 
Airport  advisories  may  also  be  accomplished  by  FBOs,  but,  and  in  contrast  to  the 
weather  observation  function,  complete  discontinuance  at  many  non-tower  airports 
is  considered  a feasible  approach. 

Significant  Parameter 

While  weather  data  must  satisfy  a variety  of  self-evident  criteria  in  order 
to  be  useful,  there  are  no  significant  parameters  which  have  any  bearing  on  RNAV 
impact . 

RNAV  Difference 
None 

RNAV  Impact 
None 

B.4.2  NAVA1D  Monitoring  (include  P1RFP  data] 

The  purpose  of  NAVA1D  monitoring  is  to  maintain  current  knowledge  of  the  status 
ot  the  NAVAIDs . Most  VORs,  VORTAl'.s.  NOBs,  and  some  ILSs  are  monitored  by  the  FSSs. 
The  complete  FSS  responsibility  in  this  area  includes  verification  of  the  mal- 
function, NOTAM  issuance,  notification  of  maintenance  >orsonnel  anc:  tne  activa- 
tion of  alternative  NAVAIDs  wherp  available. 

Current  Me t h od  of  Ac comp I ishmen t 

The  existing  NAVAIDs  (VORs,  VORTACs  and  NDBs,  in  particular)  serve  two  pri- 
mary functions:  to  support  instrument  navigation  and  to  broadcast  weather  and 
NOTAM  data.  The  facilities  are  monitored  primarily  by  means  of  automatic  moni- 
toring circuits,  incorporated  into  the  hardware,  which  alert  FSS  personnel  when  a 

Hia i function  occurs,  the  automatic  monitoring  capability  tor  a VOR  generally  in- 
cludes receiver  hardware  mounted  so  as  to  receive  the  VOR  signals  as  thev  emanate 
in  one  direction.  In  this  manner,  signal  bias,  strength  and  general  noise  level 
can  be  checked.  Signal  perturbations  which  aftect  onlv  certain  directions  usually 
cannot  be  detected;  however,  from  a hardware  standpoint,  this  is  not  a common 
occurrence.  The  regional  or  directional  unsuitability  of  signals  generally  stems 
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from  multi-path  effects  (scalloping).  These  are  usually  repeatable  or  permanent 
perturbations  ami  hence,  detectable  by  1 AA  flight  inspections.  Pilot  reports 
(PIRFPs),  however,  provide  the  only  real-time  data  on  airborne  signal  suitability 
The  FSS  reception  of  the  audio  broadcast  channels  of  the  NAVAIDs  provides  a back- 
up monitoring  capability. 

Future  Method  of  Accomplishment 

No  major  changes  to  the  monitoring  functions  are  envisioned  in  the  auto- 
mated environment,  except  that  monitoring  will  be  further  reunited  to  the  1 SS 
hub  facility. 


iifjni  f leant  Parameter 

V0R7AC  (or  VOR/DMf ) facilities  provide  virtually  all  of  the  navigation 
support  for  KNAV  operations.  This  is  true  now  and  will  continue  to  be  the 
case  throughout  the  time  frame  of  interest  in  this  study.  Certain  more  sophis- 
ticated RNAV  systems  are  capable  ot  processing  PMF.  (or  VOR)  signals  from  two 
stations;  hence,  independent  VOR  or  DM!  facilities  are  also  of  concern.  No 
RNAV  systems  utilize  NPDs.  The  use  of  VLF  stations  or  navigation  satellites 
;s  not  considered  in  this  study. 


The  significant  aspects  regarding  the  monitoring  of  NAVAlOs  include  the 
signal  strength,  noise  and  bias  as  they  exist  within  the  entire  intended  region 
ot  coverage. 

RNAV  Difference 


Regarding  the  use  ot  NAVAIP  signals,  RNAV  differs  from  conventional  nav- 
igation in  a very  important  way.  Under  the  assumption  that  the  aircraft 
actually  stay  on  or  near  their  route,  conventional  VOR  or  VOR'OMl  systems 
utilize  very  few  of  the  available  VOR  radials.  RNAV  routes,  on  the  other  hand 
which  would  typically  not  overfly  the  VORTAC,  traverse  and  thereby  utilize 
many  radials. 

RNAV  Impact 

In  a charted  RNAV  environment,  NAVA  10  performance  w 1 1 be  checked  and  mon- 
itored in  virtually  the  same  way  as  today.  Despite  the  fact  that  more  VOR  radials 
will  be  relied  upon,  the  flight  inspection  or  PIRtP  data  will  automat ical 1>  pro- 
vide the  appropriate  information.  As  RNAV  routes  are  certified  and  used,  how- 
ever, particularly  in  an  interim  or  transition  period,  there  will  be  more  routes 
with  fewer  flights  each  than  is  currently  the  case.  The  requirement  that  the 
automated  FSSs  bo  able  to  ,u  commodate  the  increased  number  ot  routes  v * or  N01 AM 
purposes,  among  others)  constitutes  a significant  impact.  More  discussion  in 
this  rega rd  will  tie  p rov  i ded  i n Set  t i on  H .4.4. 

As  pre-planned  direct  RNAV  attains  greater  utilization,  the  problem  of 
route-oriented  PIRFP  data  will  be  exaggerated,  further,  it  will  tv  necessary 
that  the  TSS  automation  capabilities  be  designed  so  that  PIRFP  data,  in  addition 
to  formal  N01AM  data,  can  be  organized  relative  to  the  geographical  region, 
rather  than  route(s)  affected.  This  is  an  impact  in  that  it  must  be  accomodated 
within  the  software  systems,  but.  no  major  difficulty  is  anticipated. 


B . 4 . 3 Mass  Pro- flight  and  In-riiijht  Woathor/NOTAM  Briefings 
Purpose  of  Function 

Mass  pre-f light  briefings  are  intended  to  provide  sufficient  weather  in- 
formation for  the  pilot  to  make  a preliminary  go,  no-go,  decision.  Mass  in- 
flight brief ings  provide  a means  for  the  pilot  to  receive  reasonably  current 
weather  information  as  the  flight  progresses.  When  the  weather  is  stable 
(predictable)  and  not  unduly  severe,  the  briefings  satisfy  virtually  all  of 
the  in-flight  weather  requi rements.  Under  more  adverse  conditions,  personal 
attention  on  the  part  of  a specialist  may  be  needed. 

Current  Method  of  Accomplishment 

The  FSS  specialist  has  access  to  virtually  all  aviation-oriented  weather 
data  via  the  Service  A teletype  and  the  Weather  Message  Switching  Center  in- 
cluding many  airport,  regional  and  route  (airport-pair)  oriented  weather  fore- 
casts prepared  by  the  NWS.  These  forecasts  including  regional  information  and, 
in  most  cases,  directional  information  (i.e.,  major  routes)  are  disseminated 
by  the  FSSs  through  the  PATWAS  service.  Taped  weather  briefings  are  also  broad- 
cast over  NOBs  which  thus  serve  both  pre-flight  and  in-flight  functions.  In 
addition  to  the  useofNUBs,  in-flight  briefings  are  broadcast  over  VOR  stations. 
These  include  TWEBs  (continuous  transcribed  weather  broadcasts)  and  hourly 
scheduled  broadcasts.  Weather  information  is  broadcast  over  more  than  900 
VORs. 

Future  Method  of  Accomplishment 

from  the  pilot's  point-of-view , the  automated  FSS  system  will  provide 
comparable,  if  not  identical,  mass  weather  dissemination  functions.  Expanded 
PATWAS  operation  is  envisioned,  but  the  use  of  NDRs  and  VORs  will  remain  un- 
changed. With  regard  to  the  FSS,  there  may  be  automation  improvements  to  ease 
workload.  Of  prime  importance  is  the  potential  creation  of  automatic  voice 
response  capability.  This  may  evolve  into  any  of  several  forms;  however,  the 
essence  of  the  capability  is  that  the  FSS  specialist  can  extract  voice  rather 
than  text  from  his  system.  The  content  will  be  identical. 

Significant  Parameter 

The  purpose  of  mass  briefings  i->  to  provide  general  area  information,  suit- 
able for  use  by  many  pilots,  hence,  suitable  for  use  on  many  specific  routes. 
Whether  nr  not  the  routes  are  RNAV  is,  therefore,  of  no  consequence  and  there 
are  no  significant  parameters  relating  to  RNAV. 

RNAV  Difference 

None 


RNAV  Impact 
None 
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3.4.4 


Individual  Pro-flight  and  In-flight  Briefings 


Purpose  of  function 

Under  nominal  circumstances,  the  most  important  weather  briefing  is  the 
final  pre-flight,  weather  briefing,  the  purpose  of  which  is  to  facilitate  the 
entire  flight  planning  process  (including  route  and  altitude  selection,  deter- 
mination of  fuel  requi rements , etc.).  In-flight  briefings  serve  a variety  of 
functions  as  dictated  by  the  particular  situations.  The  need  for  personalized 
in-flight  briefings  generally  implies  that  unusual,  adverse,  or  at  least  unex- 
pected weather  is  iirminent. 

Current  Method  of  AccompJ ishment 

The  FSS  weather  data  acquisition  is  accomplished  in  the  same  manner  as 
described  previously.  Pre-f Tight  briefings  are  disseminated  primarily  by  tele- 
phone; 10  to  15  percent  are  conducted  in  person.  In  the  current  environment, 
very  little  automation  capability  is  available  and  the  briefings  are,  therefore, 
highly  personal ized.  In-flight  briefings  are  provided  via  two-way  radio  commun- 
ications. A part  of  this  service  is  referred  to  as  the  Cnroute  Weather  Advisory 
Service  (I WAS).  This  consists  of  the  use  of  a single  frequency  for  all  pertinent 
fSS  or  pilot  weather  advisories.  Any  pilot  monitoring  the  frequency  will  obtain 
all  relevant  weather  data  without  active  solicitation. 

Weather  briefings  are  the  most  labor  intensive  activity  conducted  by  the 
flignt  service  stations.  This  function  is  the  prime  target  for  automation 
improvements . 

Future  Method  of  Accomplishment 

Considerable  research  has  been  devoted  to  devising  a mechanism  which  will 
facilitate  pilot  self-briefings.  This  resulted  in  the  development  of  the  PSRT 
(Pilot  Self-Briefing  Terminal).  The  user,  by  invoking  various  support  programs 
and  defining  his  general  route  of  flight,  could  obtain  detailed  route  oriented 
weather  briefings  and  file  his  UR  flight  plan.  High  levels  of  PSBT  utilization 
were  a key  to  the  success  of  the  original  automated  TSS  plans.  Certain  potential 
problems,  however,  have  caused  reasonably  major  changes.  The  PSBT,  in  itself 
a very  valuable  capability,  has  been  redefined  for  use  primarily  by  the  FSS 
personnel.  An  interim  automated  capability,  currently  in  operation  at  the 
Atlanta  FSS,  involves  Pilot/FSS  telephone  communication,  as  before,  but  special- 
ist's utilization  oi  what  is  essentially  a PSBT.  Briefing  tune,  and  information 
access  in  particular,  is  improved.  This  procedure  may  be  enhanced  by  the  use 
of  recorders  for  either  the  pilots'  or  FSS's  communications . For  example,  the 
specialist,  after  an  initial  conversation  with  the  pilot,  may  elect  to  record 
the  briefing.  This  can  then  be  replayed  to  the  pilot,  as  many  times  as  needed, 
without  further  specialist  intervention.  Longer  range  enhancements  involve  auto- 
matic voice  response  systems  (VRS).  With  this  capability,  the  specialist  would 
input  via  the  CRT  various  route  location  data,  but  then  rather  than  having  to 
read  the  briefing  off  of  the  display,  the  VRS  would  produce  a recording. 
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In-flight  briefings  will  essentially  be  conducted  in  the  same  way  as  pre- 
flight  briefings.  Since  the  requirement  for  personalized  in-flight  briefings 
are  somewhat  less  standardized,  less  emphasis  will  be  placed  on  recordings  and 
VRS. 


As  the  fnhanced  (long-term)  System  of  automation  improvement  is  implemented, 
remote  user  terminals  will  become  more  widespread.  However,  the  information 
handling  problems  (those  affected  by  RNAV)  are  the  same  tor  the  cases  of  either 
remote  user  or  huh  Flight  Service  Specialist  terminals. 

Significant  Parameter/RNAV  Difference 

Pertaining  to  the  type  or  accuracy  of  weather  information,  there  is  no 
difference  emanating  from  the  use  of  RNAV.  With  regard  to  the  FSS  capabi 1 i ties , 
the  number  of  "routes"  for  which  weather  briefings  are  stored  may  have  a bearing 
on  the  efficiency  of  the  FSS  operations,  during  the  period  of  transition  to  RNAV. 

RNAV  Impact 

The  primary  impact  of  RNAV  stems  from  the  existence  of  an  increased  number 
of  available  routes.  This  will  produce  no  impact,  however,  if  the  route  pro- 
cessing computer  logic  currently  being  utilized  (in  Atlanta)  is  continued.  The 
specialist  obtains  the  relevant  weather  data  by  means  of  specifying  the  airport- 
pair  and  a "route  width".  The  system  collects  all  weather  reports  emanating 
from  the  region  defined  by  the  great  circle  arc  connecting  the  airports  and  the 
width  of  the  band.  The  width  is  a variable  and  values  of  25  to  50  miles  are 
typical  for  routes  of  medium  length.  Logic  of  this  type  is  unaffected  by  the 
actual  existence  of  routes  (charted  or  pre-planned).  Also,  the  differences  be- 
tween RNAV  and  VOR  routes  of  medium  length  are  certainly  sufficiently  subtle 
that  the  suitability  of  the  "great  circle  arc/route  width"  concept  is  not  de- 
pendent upon  the  specific  type  of  route  being  considered. 

Alternative  logic,  such  as  the  pre-storing  of  route  data,  may  be  more 
expedient  and  reliable.  However,  if  this  is  adopted,  some  RNAV  impact  will 
result.  Either  more  route  storage  will  be  required  or  service  to  conventional 
users  would  be  degraded.  Further,  no  capability  to  accommodate  pre-planned 
direct  RNAV  routings  would  exist. 

B.4.5  IFR/DVF_R  FI  i ght  Plan  Processing 

The  FSSs  currently  accomplish  1FR  flight  plan  processing  for  most  general 
aviation,  commuter,  and  supplemental  air  carrier  and  military  (DVFR)  flights. 

The  purpose  of  this  function,  relative  to  its  inclusion  in  the  F$s  operations, 
is  that  the  facilities  whereby  flight  plans  can  be  ti'ed  are  e . landed  and 
direct  pilot/ATC  communication  is  buffered.  The  FSSs  also  verify  flight  plan 
content  validity. 

Current  Method  of  Accompl ishment 

The  function  is  performed  through  the  same  facilities  and  operating 
scenario  as  the  individual  pre-flight  (and  in-flight)  weather  briefings.  Flight 
plans  are  filed  by  the  FSS  specialist  based  upon  information  received  from  the 


i 


B-12 


pilot,  via  telephone  or  in  person  (pre-flight  filing,  or  based  upon  two-way  radio 
coimumcation  (in-flight).  "Filing"  of  the  plans  involves  their  communication 
to  either  an  ARTCC  or  tower  by  means  of  teletype  or  interphone  (if  departure  is 
imminent).  As  with  the  weather  briefings,  the  function  is  labor  intensive  and 
very  little  automation  is  currently  available. 

Future  Method  of  Accomplishment 

Improvement  ot  the  flight  plan  tiling  procedure  by  means  of  automation  is 
desirable,  but  the  extent  ot  improvement  is  limited  by  the  required  information 
exchange  between  the  pilot  and  the  FSS.  When  the  PSBT  concept  (for  use  by  pilots) 
becomes  more  widespread,  the  communication  burden  will  be  shifted  to  the  pilot. 
Otherwide,  the  FSS  specialist  will  have  to  continue  to  listen  and  make  a record 
of  the  necessary  flight  plan  data.  Recording  the  pilot's  verbal  flight  plan  may 
result  in  time  savings  and  may  facilitate  a minor  amount  of  work  load  leveling 
(since  the  plans  need  not  be  processed  exactly  as  they  arrive).  The  use  of 
the  CRT  when  it  becomes  coupled  with  the  ARTS  and  NAS  automation  will  consider- 
ably reduce  the  time  required  for  FSS/ATC  communication. 

Signi fijcan t Pa^ame ter 

Tne  primary  concern  of  the  pilot  is  that  the  flight  plan  be  accurately 
transmitted  to  the  ARTCC.  The  time  required  todosoisof  secondary  importance. 
While  accuracy  is  logically  equally  important  to  the  FSS,  the  time  required 
tor  all  aspects  of  the  filing  procedure  is  critical. 

RNAV  Oi  ‘Terence 

The  only  pertinent  difference  between  RNAV  and  conventional  navigation  is 
the  manner  in  which  the  route  is  geographically  described. 

RNAV  Impact 

The  phraseology  used  to  describe  charted  RNAV  routes  corresponds  perfectly 
to  that  used  for  conventional  routes.  A route  identifier  is  used  to  represent 
a series  of  route  segments.  Route  intersections  and  reporting  points  are  given 
names.  The  conventional  use  of  a VOR  or  VORTAC  name  to  depict  a segment  end- 
point is  analogous  to  the  use  of  a charted  and  named  RNAV  waypoint.  A pre- 
vious FAA  [?2]  study  to  determine  the  impact  of  charted  RNAV  routes  on  ARTS  and 
NAS  automation  has  concluded  that  the  RNAV  and  conventional  route  formats  are 
sufficiently  similar  that  no  impact  on  the  flight  plan  data  processors  will  occur. 
They  did  conclude,  however,  that  the  additional  number  of  routes  would  cause  a 
noticeable  impact.  However,  this  impact  will  disappear  us  RNAV  impiemenuic .<y.\ 
completed.  The  first  conclusion,  pertaining  to  flight  plan  format  applies  also 
to  the  FSSs  (i.e.,  no  RNAV  impact  will  result).  Whether  or  not  the  quantity  of 
routes  will  produce  an  impact  will,  logically,  depend  upon  whether  or  not  it 
is  necessary  to  store  the  routes  within  the  FSS  facilities.  Flight  Plan  veri- 
fication cannot  be  fully  accomplished  without  access  to  stored  route  data. 

'his  is  necessary  in  order  to  check  "spelling"  and  route  continuity.  It  is 
anticipated  that  the  upgraded  ATC  automation  will  include  an  appropriate  com- 
puter verification  capability.  If  this  capability  can  be  accessed  by  the  FSS 
or  be  used  to  eliminate  this  portion  of  the  FSS  function,  there  will  be  no 
impact.  Otherwise,  additional  FSS  computer  storage  will  ho  needed.  Manual 
verification  of  the  route  descriptions  is  not  viable,  since  it  defeats  the 
purpose  of  the  automation. 
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With  regard  to  RNAV  pre-planned  direct,  several  uncertainties  exist.  The 
advantage  of  pre-planned  direct  flight,  is  that  more  flexibility  is  available 
in  the  selection  or  construction  of  routes.  In  order  that  this  benefit  be  real- 
ised, the  number  of  waypoints  potentially  available  must  be  adequate.  The 
current  trend  f XS  ] is  toward  the  use  of  charted  RNAV  waypoints  with  dual  desig- 
nators (labels).  One  designator  would  convey  the  waypoint  location  in  terms  of 
latitude  and  longitude  or  radial  and  distance  relative  to  a specified  VORTAC. 

The  other  designator  would  be  a pronounceable  five  letter  name.  This  concept  is 
consistent  with  what  is  being  done  today.  In  order  to  define  an  IFR  route,  the 
pilot  would  need  to  convey  to  the  FSS  specialist  only  a list  of  pronounceable 
waypoint  names.  If  this  approach  is  adopted,  the  impact  on  the  FSS  system  will 
be  very  similar  to  that  of  charted  RNAV. 

However,  the  number  of  waypoints  required  to  provide  adequate  support  of 
pre-planned  direct  flight  has  not  been  established.  It  is  logical  that  as  the 
number  of  waypoints  is  increased,  their  pronounceabi 1 i ty  will  be  degraded.  It 
is  not  impossible  that  the  concept  of  pronounceable  waypoints  may  be  dismissed 
altogether.  If  this  occurs,  waypoint  designators  may  take  the  form  of  a ran- 
dom composite  of  digits,  letters  or  a combination  thereof.  Communication  be- 
tween the  pilot  and  the  flight  service  specialist  during  the  initial  flight  plan 
filing  process  would  be  more  difficult,  time  consuming  and  prone  to  error.  The 
PSBT  concept  would  have  immensely  increased  value  under  these  ci rcumstances  and 
would  virtually  eliminate  the  impact  as  far  as  FSS  is  concerned.  In  addition, 
the  impact  would  be  partially  offset,  particularly  in  short  to  medium  distance 
flights,  by  the  use  of  routes  which  are,  in  fact,  direct  and,  therefore,  re- 
quire only  a minimum  number  of  waypoints. 

B.4.6  VFR  Flight  Plan  Processing  (Initiation  of  Search  and  Rescue  Missions) 
Purpo s e of  F unc t ion 

The  primary  purpose  of  VFR  flight  plans  is  to  provide  a record  of  aircraft 
destination,  estimated  time  of  arrival  and  general  route  description.  This 
expedites  both  the  initiation  and  conduct  of  search  and  rescue  missions  in  the 
event  that  they  become  necessary. 

Current  Method  of_Accompl  i shmenjt 

VFR  flight  plans  are  constructed  by  the  FSS  in  the  same  way  as  are  IFR 
plans  and  involve  the  same  flight  plan  data.  In  contrast  to  IFR  plans,  it  is 
the  responsibility  of  the  pilot  to  activate  the  plan  by  means  of  communicating 
the  actual  departure  time  to  the  FSS.  This  is  done  by  two-way  radio  after 
take-off.  The  FSS  will  then  transmit  (usually  by  teletype)  the  flight  plan  to 
the  FSS  nearest  the  pilot's  destination.  It  will  then  be  he'd  in  suspense  until 
the  pilot  calls  in  to  close  the  plan.  If  this  is  not  done  within  a prescribed 
time  period  after  the  ETA,  the  FSS  will  actively  attempt  to  locate  the  pilot 
via  radio  communication.  If  not  located,  the  FSS  will  notify  the  Coast  Guard, 
Air  Force,  and  other  appropriate  organizations  to  initiate  search  and  rescue 
operations. 

Future  .Method  of  Accompl  ishment 

Construction  of  the  flight  plan  will  be  accomplished  in  the  same  wav  as 
for  IFR  plans.  Transmission  of  the  plan  will  be  facilitated  bv  the  use  of  the 
CRT  and  high-speed  inter-CSS  communication  channels.  Since  far  fewer  FSSs  will 
ultimately  exist,  less  inter-FSS  communication  will  be  necessary. 
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Signi ficant  Parameter 

As  with  IFR  plans,  accuracy  and  processing  time  are  of  first  order  impor- 
tance. In  fart,  the  processing  time  was  the  primary  motivating  force  behind 
earlier  plans  to  eliminate  the  function  altogether. 

RNAV  Difference 

The  only  differences  caused  by  RNAV  implementation  and/or  use  are  the 
specific  routes  utilized  and  the  route  description  formats. 

RNAV  Impact 

The  description  of  a VFR  route  is  a less  formal  procedure,  dictated  by  the 
variety  of  actual  navigation  techniques  which  may  be  used.  The  format  used  need 
only  be  manually  interpretable;  no  automated  verification  is  needed.  Predominant 
use  of  "RNAV  direct"  routes  is  anticipated  and  these  would  be  the  easiest  flight 
plans  to  process.  The  filing  of  charted  RNAV  routes  will,  as  with  IFR  plans, 
have  no  impact.  There  is  no  reason  to  suspect  that  the  RNAV  VFR  flights  will 
be  any  more  difficult  to  describe  than  any  other  VFR  flight. 

B.4.  7 Emergency  _F1  ight  Assistance  Service 
Purpose_of  _F_unct  ’ on 

The  primary  purpose  of  emergency  flight  assistance  service  is  to  provide 
aid  to  distressed  VFR  aircraft.  The  service  is  also  applicable,  however,  to 
IFR  aircraft,  particularly  when  there  is  a loss  of  ARTCC  or  tower  radar  contract. 

Current  Method  of  Accomplishment/Future  Method  of  Accomplishment 

Emergency  assistance  is  logically  a non-standard  operation  and  will  always 
involve  the  personal  attention  of  one  or  more  flight  service  specialists.  The 
facilities  to  be  utilized  in  the  automated  FSS  environment  are  essentially  the 
same  as  those  used  today.  These  include  two-way  radio  communi cation  equipment 
and  a network  of  direction  finders.  Remote  communication  outlets  are  currently 
in  use  to  extend  the  radio  range  of  the  FSSs.  In  the  automated  environment, 
the  reduction  in  the  number  of  FSSs  will  dictate  far  more  extensive  use  of  the 
remote  outlets;  however,  the  mode  of  operation  will  be  the  same. 

Emergency  assistance  involves  three  basic  activities: 

(1)  Determining  the  aircraft  location 

(2)  Providing  navigational  guidance 

(3)  Re-orienting  the  pilot 

Depending  upon  the  particular  situation,  performance  of  all  three  functions  may 
or  may  not  be  necessary.  The  level  of  effort  in  each  area  may  also  vary.  The 
only  accurate  explanation  of  how  the  functions  are  performed  is  simply  that  all 
available  information  and  capabilities  are  utilized. 
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Assuming  that  ltd'  pilot  is  not  certain  of  his  position,  efforts  to  establish 
his  position  may  include  any  of  the  following: 

(I)  Pilot’s  sighting  of  distinctive  landmarks 
(?)  ADI,  VOR  or  l)Ml  readings  made  by  the  pilot 
(3)  One  or  more  direction  finder  responses 

Navigation  assistance  can  be  provided  in  any  manner  consistent  with  the  pilot 
and  aircraft  capabilities.  The  possibilities  vary  from  the  prescription  of 
headings  to  the  construction  of  a new  instrument-navigable  route.  Re-orienting 
the  pilot,  when  necessary,  is  usually  accomplished  as  a part  of  satisfactory 
performance  of  the  location  and  guidance  activities. 

Signi f j can t Pa rameter 

Logically,  a variety  of  factors  affect  whether  or  not  emergency  service  will 
be  successful.  Only  one  factor,  however,  bears  any  relevance  to  the  RNAV  dis- 
cussion. Specifically,  this  is  the  extent  to  which  the  specialist  is  able  to 
utilize  the  capabilities  of  the  pilot  and  his  avionics  to  facilitate  the  location, 
guidance  and  orientation  activities. 

RNAV  Difference 

Logically,  RNAV-pecul i ar  requirements  result  only  if  the  distressed  air- 
craft is  RNAV  equipped  and  the  avionics  are  operational.  Further,  the  RNAV 
equipment  can  be  utilized,  if  necessary,  in  a manner  similar  to  conventional 
navigation.  However,  RNAV  provides  increased  navigational  capabilities.  Under 
appropriate  circumstances,  it  may  be  possible  that  RNAV  could  be  used  to  fly 
an  independently  navigable  course  (i.e.,  to  avoid  weather  or  terrain,  for  ex- 
ample) when  such  would  not  be  possible  for  conventional  navigation.  Also,  the 
ability  of  RNAV  to  facilitate  approaches  to  uninstrumented  runways,  or  to 
locate  a nearby  airport  during  poor  visibility,  can  very  conceivably  have  a 
considerable  beneficial  impact  in  a critical  situation. 

RNAV  impact 


There  is  no  RNAV  impact  that  stems  from  unique  RNAV  requirements.  Further, 
one  can  expect  that  in  the  vast  majority  of  instances  wherein  emergency  assist- 
ance is  provided,  the  existence  of  RNAV  equipment  will  be  inconsequential. 

It  is  possible,  however,  that  circumstances  will  arise  when  the  unique  RNAV 
capabilities  can  be  utilized  to  more  greatly  enhance  safety  than  can  conventional 
navigation.  In  these  situations,  it  is  assumed  that  the  TSS  system  will  incur 
a responsibility  (and  hence  impact)  for  being  fully  familiar  with  RNAV  operations. 

B.4.8  Re  lay i n 9 ATC  Information  and  ARTCC/Pilot  Back-up  Communications 

Purpose  of  function 


The  current  FSS  network  includes  a radio  communication  system  which  is 
more  encompassing  than  that  of  the  centers  and  towers.  The  FSS  system  is, 
therefore,  used,  when  necessary  and  possible,  to  supplement  (expand)  the  center/ 
tower  information.  It  also  serves  as  a back-up  communication  capability. 
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Current  Method  of  Accomplishment 

The  flight  service  stations  can  communicate  with  the  ARICCs  and  towers  via 
interphone,  regular  telephone  and  teletype.  FSS/pilot  communication  is  accom- 
plished primarily  by  the  two-way  radio  network.  The  network  is  extensive  and 
includes,  in  addition  to  facilities  at  approximately  TOO  I SSs  a variety  ot 
remote  communication  outlets  (RCOs).  lhe  RCOs  are  generally  located  in  such  a 
manner  as  to  provide  reasonably  comprehensive  low  altitude  coverage. 

f uture  Method  of  Accompl  ishment 


lhe  automated  FSS  environment  will  include  the  same  basic  communication 
capabi 1 i t ies . Far  more  extensive  use  of  RCOs  is  envisioned,  but  this  will  be 
functionally  identical  to  the  replacement  of  FSSs  by  a remote  capability.  The 
potential  "joint  use"  ^\RTCC/FSS  col  location)  concept  will,  logically,  enhance 
ARTCC/FSS  communication. 

Significant  Parameter 

The  success  of  the  communications  function  is  dependent  upon  the  time  re- 
guired  for,  and  accuracy  of,  the  transmissions. 

RNAV  Difference 

The  only  difference  in  the  communications  required  by  the  use  of  RNAV 
stems  from  the  occasional  use  of  different  phraseology. 

RNAV  Impact 


In  related  studies  [15],  RNAV  has  been  shown  to  produce  controller  (both 
terminal  and  enroute)  communication  time  benefits.  The  phraseological  differ- 
ences will,  therefore,  not  adversely  impact  the  FSS.  The  only  FSS  impact  is 
the  requirement  for  RNAV  familiarity.  The  use  of  pre-planned  direct  RNAV  will 
have  no  compounding  effect. 

B.4.9  Ai rman Examina tions 

Purpose  of  Function 

The  purpose  of  FSS  administration  of  airman  examinations  is  to  expand  the 
locations  at  which  such  tests  may  be  taken. 

Method  of  Ac comp 1 i shment 

The  FSSs  accomplish  this  function  simply  by  the  provision  of  space  and 
exam  monitoring.  In  an  automated  environment,  this  function  will  he  discontinued 
since  the  advantage  of  widespread  facilities  will  disappear. 
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RNAV  Impact 

Currently,  there  is  no  separate  RNAV  examination,  and  hence,  no  RNAV  impact. 
B.4.10  Law  enforcement.  Assistance  and  Customs  Service  Support 

These  functions  are  performed  as  an  assistance  service*  to  the*  law  and  customs 
agencies.  Ihere  is  no  RNAV  interface*  and  no  direct  RNAV  impact.  In  view  of  the 
fact  that  no  RNAV  impact  has  hoeri  identified  which  will  adversely  affect  FSS 
capacity  or  staffing  reejui  remen  ts , the  capability  of  the  FSS  to  provide  this 
assistance  should  he  unaltered  by  the  implementation  of  RNAV. 

11.  S SUMMARY  AND  CONCLUSIONS 

As  was  previously  mentioned,  the  impact  of  RNAV  implementation  on  the  FSS 
system  could  have  taken  any  of  three  forms.  These  include  an  increased  difficulty 
in  handling  individual  RNAV  user  requests , increased  burden  associated  with  the 
qeneral  support  of  RNAV  operations  or  an  inability  to  provide  comparable  service 
to  RNAV  users.  Based  upon  the  analysis  of  the  previous  section,  processing  of 
RNAV  requests  will  be  more  difficult  or  more  time  consuming  only  under  certain 
potential  RNAV  pre-planned  direct  implementation  scenarios.  Moderate,  but  not 
unforeseen,  impact  will  result  from  RNAV  data  base  support  requirements  in  the 
interim  transition  environment.  No  area  was  found  wherein  flu*  I SS  system  will 
be  unable  to  provide  comparable  support  to  RNAV  users.  In  this  regard,  however, 
there  is  an  exception  of  a somewhat  extraneous  nature  which  will  be  addressed  as 
a separate  entity  in  Section  B.6. 

The  primary  areas  of  RNAV  impact  are  summarized  as  follows: 

(1)  Increased  difficulty  in  handling  pre-planned  direct  flight 
plans : 

The  potent ial  benefits  of  RNAV  pre-planned  direct  flight  stem 
from  the  increased  number  of  "waypoints"  which  will  he  made 
available  tor  the  purpose  of  constructing  routes.  The  exact 
manner  in  which  the  waypoints  will  be  named  or  otherwise  des- 
ignated has  not  been  established.  There  will  be  essentially 
no  RNAV  impact  on  the  FSS  system  it  pronounceable  waypoint 
designators  are  utilized.  If  this  is  not  the  case,  however, 
FSS/pilof  communication  time  may  be  signi ficantly  impacted. 
Development  of  the  supportive  data  for  the  quantification 
of  this  impact  was  not  within  the  scope  of  this  study. 

[2]  Data  base  support  requirements: 


During  the  RNAV  implementation  period,  an  increased  number 
of  routes  will  exist.  There  are  a variety  of  FSS 
functions  which  require*  access  to  the  geographical  descriptions 
of  the  routes.  These  include  flight  plan  verification  and 
NOTAM/PIRFF’  processing.  The  impact  on  the  FSS  system  stems 
from  the  requirements  for  additional  computer  storage.  Ibis 
impact  is  not  considered  to  be  of  consequence  if  properly 
planned  for.  In  a pre-planned  direct  environment,  the  com- 
puter impact,  will  be  greater  while  high  altitude  charted 
routes  are  maintained , and  considerably  less,  if  and  when, 
the  routes  are  deleted. 
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(3)  FSS  training: 

Thf*  fact  that  the  FSS  specialists  must  be  familiar  with 
RNAV  operations  is  an  obvious  RNAV  impact.  The  basic  RNAV 
capabilities,  however,  are  not  complex  and  extensive  formal 
training  should  not  ho  required. 

In  summary,  there  are  no  areas  of  KNAV  impact  which  pose  any  major  difficulty 
in  the  design  or  operation  of  the  automated  I SS  system.  There  are  several  factors 
however,  which  must  be  considered.  Of  primary  importance  is  that  communication 
time  must  be  viewed  as  .1  critical  factor  in  the  development  of  pre-planned 
direct  implementation  plans,  and  that  adequate  core  storage  should  be  available 
in  the  FSS  system  design  for  handling  the  increased  number  of  routes  during  the 
transition  to  RNAV. 


B. 6 FLIGHT  PLANNING  CAPABILITIES  WITHIN  FSS  SYSTEM 

The  study  methodology  applied  in  the  previous  sections  involved  analyses 
of  t.he  functions  or  services  which  the  FSS  system  is  currently  performing  or  is 
expected  to  perform.  Since  the  current  RNAV  implementation  plans  are  not  relying 
on  the  activation  of  additional  TSS  functions,  all  areas  of  potential  direct 
RNAV  impact  can  be  identified  in  this  manner.  However,  based  upon  the  RNAV  im- 
plementation plans  as  they  now  exist.,  there  are  several  areas  wherein  RNAV  pre- 
planned direct  users  will  not  receive  service  comparable  to  that  of  charted- 
route  RNAV  users.  In  general  terms,  the  difference  in  the  service  stems  from 
the  obvious  fact  that  they  may  not  receive  the  information  which  is  normally 
made  available  on  a chart.  Whether  or  not  this  information  will  be  provided, 
how  and  by  whom,  are  all  undecided  issues  at  this  time.  As  such,  there  is  no 
proper  way  to  assert  that  an  RNAV  impact  will  result. 

With  the  use  of  automation,  however,  certain  pertinent  "flight  planning" 
services  could  be  provided  and  these  would  greatly  enhance  pre-planned  direct 
capabilities.  Further,  there  are  several  reasons  why  the  performance  of  this 
function  would  he  best,  accomplished  within  the  FSS  system.  A discussion  of 
this  issue  w i thin  t he  context  of  RNAV/FSS  interface  is,  therefore,  considered 
appropriate. 

The  use  of  pre-planned  routings  will  necessitate  a variety  of  procedural 
and  operational  changes.  Of  greatest  importance  is  the  tact  that  the  ATC  system 
will  be  granting  IFR  clearances  for  routes  which,  at  least  conceivably,  have 
never  been  flown.  The  impact  of  this  situation  can  be  best  brought  into  per- 
spective by  listing  several  of  the  basic  pieces  of  information  which  generally 
appear  on  or  are  implied  by  an  airway  chart.  These  include: 

(1)  Minimum  enroute  altitude  (MEA) 

(?)  Minimum  obstruction  clearance  altitude  (MOCA) 

(3)  Minimum  reception  altitude  (MRA) 

(4)  Minimum  crossing  altitude  (MCA) 

(5)  VORTAC  selection  and  changeover  points 

(6)  Waypoint  location 

(7)  Adeguacy  of  signal  coverage  (strength  and  accuracy) 

(8)  Restricted  area  avoidance 
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Associated  with  each  of  the  above  is  an  I AA  activity,  such  as  topographical 
analysis  and  flight  checking,  which  emanates  from  an  I AA  responsibility  to  insure 
an  adequate  level  of  safety.  The  I AA  is  capable  of  accommodation  these  respons- 
ibilities due  to  the  fact  that,  ttie  number  of  routes  is  finite  (albeit  large) 
and  the  results  can  be  disseminated  to  the  users  (via  charts). 

In  a pre-planned  direct  environment,  a different  approach  must  lie  adopted. 

One  alternative  involves  the  design  of  general  purpose  charts  which  would  allow 
the  pilot  to  perform  all  of  the  previously  mentioned  functions.  This  would  be 
analogous  to  the  pilot's  utilization  of  standard  VI K charts,  with  an  additional 
requ i reiiient  to  obtain  detailed  VORTAC  coverage  information.  While  this  approach 
r.  viable,  it  would  lead  to  non-standard  station  and  waypoint  procedures  and 
would  tie  conducive  to  blunders.  The  1 AA  provision  of  a real-time  computerized 
service  to  accomplish  these  functions  may  be  a feasible  and  beneficial  alternative. 

There  are  essentially  only  two  t AA  organizations  which  could  accomplish 
these  tasks,  the  Air  Traffic  Service  and  the  FSSs.  Incorporation  of  the  function 
within  the  TSS  system  is  consistent  with  the  operational  concept  that  the  FSSs 
provide  information  exchange  and  other  flight  planning  assistance  (i.e.,  weather 
and  NOTAM  services),  while  the  A1C  provides  operational  support  for  airborne 
aircraft.  Within  the  strict  context  of  this  study,  this  will  impact  the  FSS 
system  only  it  the  decision  is  made  that  the  FSSs  will  assume  tfiis  responsibility. 
An  auxiliary  conclusion  of  this  study,  however,  is  that  this  alternative  has 
sufficient  merit  as  to  warrant  further  investigation. 
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RNAV  INTERACTION  WITH  UPGRADED  ATI  AUTOMA1 I ON 
CT  METERING  AND  SPACING  PE RFORMANC!  IMPAl'.I  01  RNAV 

C.1.1  Introduction 

Techniques  for  performing  the  Meterinq  Spacing  (MX.S)  function  have  been 
under  development  for  the  post  several  years  as  a part  of  the  Upgraded  ATC 
Automation  program  of  the  UG3RD.  The*  basic  function  of  an  MKT  system  is  to 
considc  arris inq  aircraf  and  requested  departures,  schedule  landing  and 
departure  Mme  slots  h aircraft,  meter  arrival  aircraft  into  the 

termina  airs  e it  the  appropriate  rate,  sequence  the  aircraft  so  as  to  achieve 
the  predeten-  tied  arrival 'c'*part.ure  time  slots,  and  space  the  arrivals  accurately 
in  order  to  minimise  interarrival  spa<  ini.  The  primary  objective  of  MAS  is  to 
increase  runway  capacity  (and  therefore*  reduce  delays)  by  means  of  preventing 
unproductive  time  gaps  between  arriva I ./departures  through  scheduling,  and  by 
means  of  closely  controlling  interarriva 1 and  departure-arrival  spacing.  The 
ability  of  an  M&S  system  to  perform  the  scheduling  function  is  dependent 
primarily  upon  the  sophistication  of  the  control  logic  developed  and  imple- 
mented in  the  system.  The  ah  lity  to  control  interarrival  spacing,  however,  is 
dependent  upon  other  systems  parameters  such  as  surveillance  accuracy,  pilot/ 
controller  response  time  variability,  aircraft  control  accuracy  and  wind  fore- 
cast errors.  As  advanced  control  techniques  ace  implemented  (RNAV  and  41)  time 
control),  they  will  in  turn  affect  interarrival  spacing  control  accuracy.  Ihe 
relative  performance  of  Metering  and  o.h  ing  systems  based  upon  radar  vector 
techniques,  RNAV  techniques,  or  41)  time  control  techniques  is  the  central  subject 
of  this  section. 

The  primary  motivation  behind  the*  implementation  of  M&S  systems  is  to 
increase  airport  capacity  without  requiring  new  runway  construction,  and  independ- 
ent of  new  aircraft  landing  systems,  guidance  techniques,  surveillance 
systems  or  wake*  vortex  avoidance*  system*..  Even  as  other  systems  are  developed 
which  improve  airport  capacity,  NHS  capabilities  will  still  he  required  to  take 
full  advantage  of  the  available  runway  capacity  potential  of  these  other  systems. 

Metering  and  Spacing  is  accomplished  through  control  ot  final  approach  gate 
arrival  time  using  path  stretching  and  'peed  control  techniques  (primarily  the 
former).  The  aircraft  arrival  sequent  inn  area  is  divided  into  two  or  more 
control  areas  where  path  length  modification  radar  vectoring  is  applied.  The 
initial  area(s)  are  designed  to  provide  a large  degree  of  time  control labi 1 i ty 
(three  to  five  minutes  maximum  delay)  fhrouuh  path  stretching.  This  wide*  latitude 
of  control  is  necessary  in  order  to  accomplish  initial  aircraft  sequencing  and  to 
compensate  for  terminal  arrival  time  randomness , or  to  compensate  for  holding 
pattern  departure  time  randomness.  The  . nntrn!  labi  1 i t.y  of  the  subsequent  control 
area(s)  is  much  narrower,  since  they  are  primarily  intended  for  correction  of 
delivery  time  errors  which  acc  ummul.it  e in  I he*  earlier  control  areas , and  for 
accommodating  minor  updates  to  tin*  gate  an  ival  time  schedule. 

l.ujy  metering  and  spue  mg  techniques  were  developed  t > y Computer 
Systems  Ingineerinq  under  contract  to  I fie  IAA,  I fie  result*,  of  which  were  reported 
in  Reference  .’‘land  numerous  subsequent  reports.  Ihe  MRS  geometry  developed  by 
.SI  consisted  basically  of  two  time  control  areas  (for  gross  and  fine  control), 
plus  a final  approach  intercept  vector  to  provide*  a final  adjustment  to  gate 


orrivdl  time.  These  techniques  have  been  subsequently  refined  bv  1 AA,  M 1 1 Rk 
and  others  to  result  in  a proposed  sot  of  MAS  techniques  which  provide  several 
improvements  over  the  earlier  techniques,  lor  example,  the  amount  ot  airspace 
involved  is  reduced  and  the  severity  ot  the  turns  required  is  reduced.  These 
techniques  have  been  applied  to  produce  a specific  MAS  desiqn  for  the  Denver 
Terminal  area  (see  Reference  30),  which  will  form  the  basis  tor  MAS  simulation 
tests  to  be  conducted  in  the  near  future. 


The  Denver  MAS  desiqn  of  Reference  30  was  specifically  chosen  as  the  basis 
of  the  study  ot  RNAV  integration,  and  of  40  RNAV  integration,  since  it  is  currently 
under  serious  consideration  for  testing  and  eventual  implementation.  Therefore, 
it  was  considered  to  be  advisable  to  demonstrate  the  ability  of  RNAV  (A  4D)  to 
operate  within  that  framework  such  that  RNAV  operations  could  be  introduced  in  a 
compatible,  evolutionary  manner.  This  is  not  meant  to  imply  that  the  design 
studied  is  necessarily  the  optimum  technique  which  could  be  developed  under  the 
assumption  of  an  all-RNAV  (or  4D)  environment.  Improvements  in  terms  of  control- 
lability, delivery  accuracy  or  workload  might  be  achievable  if  such  an  approach 
were  taken.  However,  such  studies  were  not  considered  to  be  within  the  scope  of 
this  task  since  it  is  concerned  with  RNAV  integration  within  the  UG3RD  system  as 
it  is  presently  defined,  not  as  it  might  be  defined  if  a different  sot  of  ground 
rules  were  adopted. 


The  MAS  technique  developed  for  Denver  is  illustrated  in  Figure  C.l,  which 
was  taken  from  Reference  30.  As  traffic  approaches  point  A for  North  traffic, 
or  point  A'  for  South  and  West  traffic,  they  are  assigned  a firm  schedule  time  in 
the  sequence  of  arrival  aircraft.  Traffic  from  the  Last  arrival  along  an  extension 
of  the  approach  course  and  are  generally  assigned  arrival  slots  with  priority  over 
other  traffic  since  the  degree  of  controllability  along  the  Byers  route  is  much 
less  than  that  for  the  other  arrival  routes.  While  radar  vectoring  may  be  applied 
to  delay  arrival  to  points  A or  A’  when  extra  long  delays  are  needed,  the  spacing 
function  would  ordinarily  commence  upon  crossing  points  A or  A'.  As  an  aircraft 
approaches  A (or  A'),  the  MAS  system  supplies  an  outbound  heading  and  speed  value 
to  the  controller,  based  upon  the  amount  of  delay  required,  which  lie  then  commun- 
icates to  the  flight  crew.  This  heading  is  derived  by  first  computing  gate  (point. 

G in  the  figure)  arrival  t ime  based  upon  the  nominal  route  length  (the  nominal 
route  is  shown  as  the  solid  line  connecting  points  A,  C,  D,  P]  and  G).  Gate  arrival 
time  is  then  adjusted  by  selecting  either  a longer  or  shorter  route  to  achieve 
scheduled  gate  arrival  time.  From  point.  A,  the  largest  delay  would  result  from 
the  more  northerly  route  to  point  [!,  whereas  the  smallest  would  result  from  heading 
directly  to  point  P (this  would  only  be  done  where  an  excessively  large  time  gap 
in  front  of  the  aircraft  exists).  Normally,  the  departure  heading  would  be  in 
some  direction  other  than  towards  point  P.  As  the  aircraft  departs  point  A at  the 
requested  heading,  the  MAS  system  periodically  performs  another  computation  in 
order  to  schedule  the  next  turn.  From  t.he  gate  arriv  ' time  schedule,  a nominal 
time  for  arrival  at  point  P is  computed.  Periodically  thereafter,  the  arrival  time 
error  at  point  P given  that  the  aircraft,  immediately  turneo  directly  towards  that 
point  from  present  position  is  computed.  This  value  is  called  the  direct  course 
error  (DICE).  It  is  monitored  by  the  system  and,  as  it  approaches  zero,  the  air- 
craft is  instructed  to  turn  direct  to  point  P (hence  it  would  arrive  at  point  P 
on  schedule).  The  flight  is  then  allowed  to  progress  until  it  intercepts  a circle 
(called  the  P-arc)  of  fixed  radius  about  point  P.  , at  which  time  the  aircraft  is 
instructed  to  turn  to  intercept  the  approach  course.  The  heading  requested  is 
computed  to  result  in  a zero  gate  arrival  time  error.  Normally  the  aircraft  in- 
tercepts the  localizer  course  autonomously.  However,  if  "fine  tuning"  is  deemed 
required  by  MAS,  last  minute  local i zer  course  intercept  vectors  and  speed  control 
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Figure  C.l  MSS  Geometry  Used  in  Reference  30 


instructions  may  be  issued.  Speed  control  is  achieved  by  selecting  the  point 
(prior  to  gate  arrival)  where  the  reduction  to  approach  speed  is  allowed;  e.g. 
a late  speed  reduction  advances  gate  arrival  time,  and  vice  versa. 

In  the  MSS  procedure,  initial  (gross)  time  control  is  achieved  in  the 
departure  from  Point  A and  the  turn  towards  Point  P,  while  fine  control  is 
obtained  from  the  turn  at  the  P-arc  to  intercept  the  final  approach  course,  and 
from  speed  control.  It  is  readily  apparent  that  the  successful  attainment  of 
time  control  accuracy  is  dependent  upon  the  controller’s  performance  in  issuing 
the  heading/speed  clearances  in  a timely  manner.  The  controller  would  be  cued 
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in  the  fol  lowing  manm*r,  <i<  cord  mg  (o  Reference  10.  As  t In'  value  lor  direct 
course  error  to  I’  gets  small  (X0  sec.)  it  is  displayed  such  that  the  controller 
may  trai  k it.  and  time  his  clearance  instructions  accordingly.  The  cue  for  the 
next  turn  is  the  approach  of  the  aircraft  to  the  I’-arc,  at  which  time  tne 
controller  delivers  the  indicated  computed  heading  command.  As  the  approach 
course  is  neared,  DICE  is  again  displayed  so  that,  a final  localizer  intercept 
vector  may  he  issued  if  needed.  Likewise,  the  DICE  indication  is  used  for 
timing  the  final  speed  reduction  clearance,  which  provides  the  needed  gate 
time  delivery  accuracy.  At  the  gate,  MAS  ceases  to  consider  the  aircraft 
since  the  approach  itself  should  not  be  interfered  with.  Since  all  of  these 
control  instructions  are  time  critical,  they  tend  to  increase  the  level  of 
controller  workload  relative  to  other  types  of  instructions.  This  results 
since  the  other  routine  communications  messages  must  be  worked  in  around  the 
time-critical  ones,  requiring  more  planning,  and  limiting  options.  Each 
approaching  aircraft  would  typically  require  five  such  time-critical  instructions 
under  normal  conditions. 

The  present  MSS  configuration  is  based  entirely  on  the  use  of  radar  vector 
navigation  to  accomplish  the  path  lengthening  function.  The  navigation  improve- 
ments, Area  Navigation  and  4D  (time-reference)  navigation,  can,  however,  be 
integrated  with  MSS  in  such  a manner  that  significant  improvements  will  result. 

As  will  be  shown  later  in  this  section,  RNAV  can  serve  to  signif icantly  decrease 
controller  workload  without  impacting  time  control  performance,  while  4D  RNAV 
can  further  reduce  workload  and  at  the  same  time  improve  gate  arrival  time  control 
accuracy.  Furthermore,  both  RNAV  and  4D  RNAV  can  increase  the  amount  of  time 
controllability  available  from  a given  MSS  route  geometry.  The  effect  of 
including  these  RNAV  capabilities  on  MSS  software  and  core  storage  requirements 
is  not  significant  in  comparison  to  the  overall  allotment  for  the  MSS  function. 

C.1.2  Integration  of  RNAV  Capahi 1 i t ies 

Since  RNAV  can  potentially  reduce  controller  workload  (and  therfore  improve 
controller  effectiveness  and  capacity),  and  since  the  integration  of  RNAV  with 
MSS  is  a required  precursor  to  the  introduction  of  40  RNAV,  which  can  increase 
airport  capacity,  it  is  important  to  carefully  consider  all  aspects  of  RNAV 
operational  capabilities  when  planning  the  approach  to  integration  of  RNAV  with 
MSS.  Several  ground  rules  should  be  observed  to  insure  the  effectiveness  of 
RNAV  as  an  MSS  tool,  first.,  the  basic  routes  and  MSS  geometry  which  form  the 
basil  MSS  system  should  bo  in  common  with  RNAV  routings,  i.e.  the  same  delay 
areas  should  be  used  so  that  additional  airspace  is  not  required,  and  the  same 
basic  routings  should  be  used  so  that  tne  RNAV  traffic  interacts  smoothly  with 
conventional  traffic,  and  to  simplify  controller  procedures  and  video  map  con- 
tent. Second,  the  RNAV  MSS  design  should  result  ;n  control  ca,..:  ■ , i ty  (control 
lability  and  delivery  accuracy)  which  is  essentially  c\,un  ,ent  ti  Jiat  available 
with  basic  MSS.  Third,  the  RNAV  procedures  employed  should  be  operational ly 
convenient  to  both  the  flight  crew  and  the  controller.  Fourth,  in  order  to 
fulfill  the  promise  of  reduced  controller  workload,  it.  should  not  be  necessary 
for  the  controller  to  be  routinely  required  to  transmit  extensive  data  (waypoint 
coordinates,  etc.)  in  order  for  RNAV  to  integrate  properly  with  MSS.  These 
latter  two  points  arise  due  to  the  functional  capabilities  of  RNAV  and  of 
differing  RNAV  systems.  RNAV,  of  course,  provides  the  capability  to  fly 
directly  to  arbitrary  points,  and  so  controllers  could  perform  the  MSS  function 
by  communicating  waypoint,  coordinates  for  each  leg.  This  would  impose  a heavy 
workload  burden  upon  pilots  and  controllers  and  greatly  increase  blunder  potential. 
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and  so  would  be  unacceptable.  Also,  system  capabilities  differ.  Simple  RNAV 
systems,  by  their  nature,  allow  fliqht  TO  or  FROM  a waypoint.  Therefore,  the 
radar  vector  mode  of  MAS  could  be  virtually  duplicated  ("depart  Point  A at  \ X \ 
bearing;  direct  to  Point  P at  YYY  bearing;  direct  to  Point  I’j;  direct  to  Point 
G;  reduce  speed  to  III  knots").  However,  airline  grade  systems  do  not  genera 1 1 \ 

have  this  capability,  nor  is  it  advisable  to  further  complicate  system  operation 

by  adding  it.  Therefore,  alternative  means  of  defining  the  paths  must  be 
deve 1 oped . 

A candidate  RNAV  MAS  plan  for  route  geometry  and  procedures  has  been 
developed  which  fulfills  the  requirements  outlined  above.  This  plan  is  illustrated 
in  Figure  C.P,  which  should  be  compared  with  the  earlier  figure  illustrating 

the  radar  vector  MAS  geometry.  The  two  relate  very  closely,  as  is  evident  in 

the  following  (only  the  northerly  arrival  route  is  discussed;  the  South/West 
route  is  functionally  identical):  As  stated  earlier,  initial  control  delay  may 
be  exercised  during  the  arrival  to  Point  A by  radar  vectoring  away  (to  the  West) 
from  the  path  to  A,  and  then  turning  towards  A at  the  appropriate  time.  While 
this  maneuver  is  not  to  be  applied  routinely,  it  is  easily  duplicated  using 
RNAV  by  issuing  a "parallel  offset"  instruction  followed  by  a "cancel  offset"  or 
“di rect-to-A"  instruction.  The  departure  from  Point  A to  "the  East  involves  the 
routine  delay  leg  which  is  an  integral  element  of  the  MAS  technique.  Using 
radar  vectors  (with  heading  given  in  5°  increments)  any  departure  bearing  from 
approximately  60°  to  1?0"  (magnetic)  may  be  issued  to  an  aircraft  depending 
upon  the  amount  of  delay  anticipated  to  be  required.  Then,  as  the  aircraft 
proceeds  along  that  bearing,  the  direct  course  error  (DICE)  in  arrival  time  to 
Point.  P is  computed  periodically  in  order  to  determine  the  point  at  which  the 
aircraft  should  be  vectored  directly  towards  point  P to  meet  scheduled  arrival 
time.  To  duplicate  the  departure  from  A using  RNAV  would  be  very  difficult 
with  airline  type  systems,  since  they  cannot  depart  "from"  a waypoint  at  a 
specified  bearing.  A solution  would  be  for  ATC  to  transmit  coordinates  of  an 
objective  waypoint  to  the  aircraft  prior  to  its  arrival  at  Point  A.  This, 
however,  would  cause  the  communications  and  workload  problems  mentioned  above, 
and  so  is  not  acceptable. 

Upon  further  examination  of  the  geometry  involved,  it  was  found  that  the 
degree  of  d?  y introduced  by  this  procedure  is  influenced  primarily  by  the 
choice  of  r'-.uid  bearing  to  Point  P,  not  the  outbound  bearing  from  Point  A. 

The  outbound  (earing  affects  somewhat  the  limits  to  the  amount  of  delay  avail- 
able for  contr.l  by  choice  of  inbound  hearing  to  P.  Therefore,  the  number  of 
choices  available  for  outbound  bearing  may  be  significantly  reduced  from  the 
twelve  available  with  radar  vectors  to  three  or  so  for  use  with  RNAV  (the  choices 
for  radar  vectors  may  likewise  be'  reduced  to  the  same  set).  Figure  l 
illustrates  an  arrangement  using  four  choices:  Departure  bearings  of  50'',  70'' 

90”  and  direct  to  P (1<’0").  The  route  direct  to  P (which  is  then  modified 

direct  to  1^  at  the  P-arc)  is  the  normal , short  route  used  wnen  traffic  is  not  at  a 

high  enough  rate  to  require  MAS  operation,  or  when  an  arrival  stream  gap  occurs. 

The  first  three  choice's  would  be  accomplished  by  designating  three  objective 
waypoints  (shown  as  L,  M and  N)  to  create  the  50'',  70"  and  90°  track  bearings. 

Tnese  would  pe  published  as  a part  of  an  RNAV  MAS  STAR  procedure,  and  so  would 
be  communicated  by  ATC  usinq  waypoint  names,  not  coordinates.  The  procedure 
could  be  executed  in  several  ways  by  the  flight  crew,  depending  on  RNAV  system 
capabi 1 i ties,  for  example,  the  coordinates  could  be  entered  from  the  STAR  plate 
(see  figure  C.3)  upon  receipt  of  the  clearance  to  Point  L,  M or  N.  Or,  all 

waypoints  could  be  pre-stored  in  sequence  as  a part  of  the  RNAV  data  base 

and  then  called  up  by  using  the  "direct-to"  function,  which  would  be  an 
extremely  simple  procedure.  Once  the  aircraft  has  departed  on  one  of  tnese 
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three  tracks,  the  direct  course  error  to  P would  be  computed  as  before  in  order 
to  determine  the  point  at  which  the  aircraft  would  be  cleared  direct  to  Point 
P. 


In  order  to  illustrate  the  point  that  the  choice  of  departure  bearing  from 
Point  A can  be  limited  considerably  without  affecting  control labi 1 i Ly  to  Point 
P,  Table  C.l  has  been  constructed  winch  shows  the  minimum  and  maximum  path 
lengths  available,  through  the  selection  of  the  point  at  which  navigation  is 
initiated  to  Point  P,  for  each  of  the  three  choices.  The  maximum  path  length 
was  computed  by  adding  the  path  length  from  A to  the  objective  waypoint  (L,M,orN) 
to  the  distance  measured  from  the  waypoint  to  intercept  the  P-arc  enroute  to 
P (this  route  is  shown  as  the  dashed  line  from  Point  L).  The  minimum  path 
length  was  arrived  at  by  first  selecting  a suitable  method  for  determining  the 
initial  point  at  which  the  direct-to-P  clearance  would  be  given  after  departing 
A.  The  route  (shown  as  a dashed  line  also)  was  selected  so  that  the  nominal 
magnitude  of  the  turn  onto  the  final  approach  course  would  not  exceed  90°.  The 
resulting  path  lengths  are  as  follows: 

Table  C.l  PATH  LENGTHS  AVAILABLE  USING  THREE  A-POINT 
DEPARTURE  BEARINGS 


j Departure 

Objective 

Path 

Length 

I 

(nmi ) | 

1 Bearing 

Waypoint 

Minimum 

Maximum  ] 

5C° 

L 

9.0 

23.7  ! 

70n 

M 

8.0 

18.4  ! 

90" 

N 

7.4 

15.6  | 

J 

As  is  evident  from  the  Table,  a great  degree  of  overlap  in  path  length  control 
is  available;  therefore,  these  three  routes  are  more  than  adequate.  The  fourth 
route  (direct  from  A to  P)  is  for  use  when  a much  shorter  route  is  appropriate; 
i.e.,  when  no  traffic  immediately  precedes  the  aircraft  in  question. 

In  the  radar  vector  case,  when  the  aircraft  reaches  the  P-arc,  it  will  be 
assigned  a heading  designed  to  result  in  zero  arrival  time  error  at  the  gate 
(after  final  approach  course  intercept).  Furthermore,  a final  course-intercept 
vector  may  also  be  issued  if  needed  for  additional  control.  In  the  RNAV  case, 
the  first  of  these  vectors  cannot  be  imitated  for  the  same  reasons  the 
departure  vector  from  A cannot  be  imitated.  An  alternative  solution  wnich  can 
serve  the  same  purpose  is  to  clear  the  RNAV  aircraft  direct  to  Point  P-  as  ne 
crosses  the  P-arc.  Then  time  control  would  be  obtained  by  issuing  a clearance 
to  proceed  direct  to  the  gate  at  the  point  where  direct  course  error  would  be 
zero.  As  is  the  case  with  radar  vectors,  speed  control  may  be  used  once  the 
aircraft  has  been  issued  final  approach  course  intercept  instructions. 

C.l. 3 RNAV  Contributions  and  Limitations 

There  are  two  primary  reasons  for  integrating  RNAV  into  the  Metering  and 
Spacing  system.  First,  it  has  been  shown  that  RNAV  terminal  area  operations 
provide  economic  benefits  to  the  airspace  users,  reduce  controller  workload, 
and  increase  airport  capacity  (see  Section  1.3  and  Reference  8).  Therefore,  it 
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is  of  importance  to  continue  the  implementation  ot  RNAV  as  MSS  procedures  are 
introduced.  The  second  reason  is  that  RNAV  procedures  must  be  established  in 
order  that  4D  RNAV  can  be  introduced,  which  is  necessary  in  order  to  achieve 
even  better  interarrival  spacing  control,  hence  greater  capacity.  Also,  RNAV 
procedures  can  allow  the  use  of  MIS  as  a position  reference  during  the  final 
stages  of  arrival;  this  will  also  improve  MSS  performance. 

RNAV  should  also  produce  some  other  benefits  ns  tin  MAS  tool  lor  both  the 
airspace  user  and  ATC  controller,  first  of  till,  through  publication  of  RNAV 
MAS  STAR  procedures,  the  flight  crew  will  tit  till  times  be  able  to  remain 
oriented  and  monitor  progress  throughout  the  arrival  procedure.  Also,  an 
aircraft  will  be  able  to  complete  its  arrival  and  approach  in  an  orderly 
manner  without  significant  interruption  to  the  MAS  system  even  in  event  of  a 
communications  failure.  In  contrast,  under  MAS  vectoring,  orientation  will 
not  be  as  easily  maintained  since  no  position  reference  will  be  available 
until  the  local i/er  is  intercepted.  Controller  workload  will  be  reduced  to 
a certain  extent  with  RNAV  procedures,  even  though  the  number  of  communications 
required  for  MAS  control  of  each  arrival  does  not  change.  The  workload 
reduction  is  a result  of  the  fact  that,  under  radar  vector  MAS  procedures, 
each  of  the  control  instructions  is  time-critical;  i.e.  each  instruction  must 
be  issued  precisely  when  the  aircraft  turn  or  speed  change  is  required  in 
order  for  the  desired  degree  of  control  to  be  achieved.  Using  RNAV,  however, 
the  instructions  may  be  issued  in  advance  <>l  the  intended  maneuver  since 
both  the  objective  waypoint  name  and  inbound  tract  bearing  can  be  issued. 

The  track  bearing  stated  would  thus  control  the  point  at  which  the  turn  would 
be  initiated,  rather  than  the  timing  ot  the  message.  Since  most  of  the 
communications  would  no  longer  be  time-critical,  it  is  not  necessary  for  the 
(ontroller  to  as  carefully  plan  the  order  and  timing  ot  the  various  routine 
and  MAS  messages  wlm  h would  be  necessary  under  high  traffic  level  conditions. 

It.  is  also  expected  that  the  usage  ot  RNAV  techniques  will  in  most  cases 
maintain  or  improve  the  time  controllability  and  gate  delivery  accuracy 
available  with  MAS  using  standard  radar  vector  techniques.  As  is  shown  in 
the  subsequent  section,  RNAV  reduces  arrival  timing  errors  over  all  but  the 
shorter  legs,  where  errors  are  slightly  worse.  Ihese  various  benefits  are 
analyzed  further  in  the  following  section. 

C-1.4  Control lahi I i ty  and  Gate  Delivery  Accuracy 

In  this  section.  Metering  and  Spacing  Techniques  are  analyzed  in  order 
to  determine  the  degree  of  time  controllability  available  and  expected  gate 
delivery  accuracies  under  given  sets  ot  conditions,  ihese  include  basic  MAS 
using  radar  vectors,  MSS  with  RNAV  procedures  integrated,  and  MAS  based  on  the 
use  of  41)  RNAV  capabi I i ties . Controllability  and  delivery  accuis  y have  been 
analyzed  considering  the  radar  vector  technique  in  Reference  -10.  In  that 
analysis,  which  used  the  geometry  in  figure  C.l,  it  was  determined  that  the 
time  control l.ibi I i ty  available  (considering  jet  traffic)  Irom  Point  A t*  the 
gate  is  PIP  seconds  (.1.9  min.)  and  that  the  resulting  delivery  error  is  on 
the  order  of  10  sei  . (?•<).  In  that  reference  the  RNAV  case  was  not  analyzed.  Also, 
some  aspects  ot  the  analysis  technique  used  have  been  expanded  or  corrected 
i n the  present  analysis  of  RNAV  MAS  procedures.  In  addition,  the  exact  MAS 
geometry  used  in  that  study  was  not  described  accurately  in  the  report.. 

Therefore,  the  radar  vector  MAS  cases  have  been  re-ana ly.:ed  along  with  the 
RNAV  MAS  analyses  in  order  to  produce  consistent  results.  In  all  cases  the 
geometry  depicted  in  figure  C.P  was  used. 


the  analysis  in  Reference  JO  was  in  tended  to  express  MAS  centre  I labi ! i ty 
and  delivery  error  on  the  basis  of  2<>  expectations  (95.44*.  confidence  level). 
Controllability  is  the  difference  between  the  longest  and  shortest  paths  from 
one  point  to  another  expressed  in  terms  of  travel  time.  If  there  were  no 
navigation  and  control  errors,  controllability  is  easily  computed  given  path 
lengths  and  speeds.  In  the  presence  of  such  errors,  controllability  is 
diminished.  Controllability  may  be  determined  to  the  95.44  confidence  level 
by  using  the  methodology  developed  in  the  next  section,  which  is  different  than 
that  applied  in  Reference  30.  An  oversight  in  that  reference  pertaining  to 
the  computation  of  delivery  error  exists  as  follows;  while  error  sources  in  the 
along  track  direction  (e.g.,  tailwind  forecast  error)  were  considered, 
those  in  the  cross  track  direction  (e.g.  crosswind  forecast  error)  were  not. 
Cross  track  errors  affect  both  delivery  error  and  controllability.  The  results 
of  these  new  analyses  are  presented  after  the  next  section,  which  discusses 
error  sources  and  relationships. 

Irror  Sources 

In  Reference  30,  the  list  below  of  lo  values  for  navigation  error  sources 
is  presented.  These  values  are  used  in  the  new  analysis  without  change  except 
for  surveillance  error.  This  tracking  error  is  dependent  upon  geometry,  but 
is  so  small  that  a constant  value  (0.08  mi,  lo)  was  used  throughout  most  of  the 
analysis  for  simplicity. 


Table  C.?  Navigation  Lrrors  (Reference  30) 


One  Sigma  Values 

Along  Track  lrrors: 

Airspeed  Control  trror 

b%  of  IAS 

Wind  Forecast  Error 

5 knots 

Radar  Azimuth  Error 

0.25° 

Radar  Range  I rror 

255  ft. 

Pilot/Controller  Response  Variability 

4 sec. 

Cross  Track  Errors 

Heading  Sensor  Error 

1° 

Wind  l)r  i ft  Error 

3° 

Pi  lotaqe 

1° 

The  cross  track  errors  in  Table  C.2  aggregate  into  a net.  error  value  of 
6.63°  (2  0-  The  along  track  errors,  except  for  the  pilot/controller  response 
variability  (compliance  error)  sum  to  result  in  a net  error  which  is  a function 
of  airspeed,  distance  flown  after  the  MAS  command,  and  position  with  respect  to 
the  radar  site.  As  stated  above,  the  position  effects  were  disregarded  through 
assumption  of  a constant  surveillance  error  component.  This  allows  construction 
of  Figure  (..4  which  shows  the  speed  and  distance  effects  on  2o  error.  This 
figure  is  used  in  the  subsequent  controllability  and  delivery  error  analyses. 


C-10 


1‘jOkt  / 


loOkt 


40 


liiOkt 


O 

O) 

co 


O) 
c j 

c 

<T3 


JO 


x' 

'O 

C- 

► 


CT> 

c 

o 


OJ 
V-* 
TO 
CJ» 
0> 
V. 
r *. 
c n 
* 1 


<1) 

> 

V, 

on 

+ 

■a 

c 

+ 

T5 

or 

oj 

a. 

to 

u 

«r 


20 


10 


1 1 t r 

4 H 12  16 

Distance  traveled  (nm) 


I i uure  1.4  Along  lr.uk  I rror  Relationships 


The  pi  lot/control ler  response  variability  (compliance)  error  represents 
the  inevitable  variations  in  time  required  tor'  the  controller  to  initiate  an 
MAS  conmand  and  for  the  pilot  to  initiate  the  requested  maneuver.  This  error 
can  propagate  into  both  the  along  track  and  cross  track  directions,  depending 
upon  the  magnitude  of  t tie  turn  involved.  In  figure  l..b  the  relationsnips  are 
i 1 1 ust.rat.ed . from  the  figure,  the  cross  track  component  of  compliance  error, 
• is: 

At  n sin  (i 
c 

whore  i ' the  mai|nitude  of  the  turn. 


t.  I I 


rvrrpi  iance  l t ror  (Ptcosir. ) 


The  along  track  component  of  compliance  error  is  the  difference  between  the 
arrival  time  at  the  actual  turn  point  and  the  intended  arrival  time  at 
Point  "A",  which  is  the  projection  of  the  turn  point  on  the  intended  route. 
Thus,  the  along  track  component  is 

AtA  r to  + ,s  ‘ +lS  Cos  °)  = ' Cos  °)> 

In  each  case  (along  and  cross  track),  the  resulting  compliance  error  component 
is  combined  with  other  along  and  cross  track  errors  on  the  subsequent  leg  in  a 
Root-Sum- Square  (RSS)  fashion. 

T ho  primary  purpose  of  this  analysis  is  to  determine  arrival  time  control 
accuracy  at  a point.  Nominally,  this  would  concern  along  track  control  errors 
only.  However,  at  each  turn  point  any  cross  track  error  which  exists  propagate 
to  some  degree  into  the  along  track  direction  of  the  next  leg.  This  is  true 
at  any  turn  point,  including  final  approach  course  intercept,  figure  C.6 
illustrates  this  relationship. 

From  the  figure  it  can  be  seen  that,  having  been  off  course  by  the  amount  \, 
an  aircraft  travels  a different,  distance  to  the  course  intercept  point  on  the 
next  leg  than  it  would  have  had  it  been  on  course.  This  error  is  as  follows: 

, \ - \ _ . 1-Cost) 

AdA  " STne  TanO  “ Sint) 

T 0 

Aci/\  = A Tan  ~7y 


Therefore,  any  cross  track  error  component  propagates  into  the  along  track 
direction,  and  thus  becomes  a time  control  erro”  component,  in  the  amount  of 
the  tangent  of  one-half  of  the  turn  angle.  Total  time  control  error  is  then 
found  by  computing  the  RSS  of  all  components,  including  this  cross  track  error 
contributor. 
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Figure  C.6  Cross  Track  f rror  Propagation  Into  Along  Track  Dimension 


In  order  that  RNAV  MAS  procedures  can  he  analyzed  m a manner  comparable 
to  the  radar  vector  case,  reasonable  estimates  of  RNAV  system  performance  in 
an  MAS  environment  must  be  obtained.  1 AA  Advisory  Circular  AC  90-45A  (Reference 
10)  states  the  minimum  required  RNAV  system  performance  in  the  terminal 
environment  in  terms  of  subsystem  error  magnitudes,  which  are  assumed  to  be 
independent  and  additive  in  an  RSS  Manner.  These  components  are  listed  in 
Table  C.5  ( l .»  values).  To  put  these  in  perspective  wi Lh  respect  to  Table  C.2,  which 
lists  the  l.i  levels  for  other  component,  error  sources,  consider  that  at  a range  of 
20  miles  from  the  reference  VORTAC,  cross  track  errors  may  be  in  excess  of  0.8  mi 
(1.)  and  along  track  errors  in  excess  of  0.6  mi  (lo)  (exact  values  depend  on 
geometry).  In  actual  practice,  RNAV  performance  would  be  expected  to  be  better 
than  the  minimum  standard.  This  would  in  particular  be  expected  of  RNAV  systems 
intended  for  use  in  air  carrier  (and  business  jet)  aircraft,  which  make  up 

Table  C.3.  Area  Navigation  Minimum  Capability  (Reference  10) 


Term i na i 
One  Sigma 


V0R  Error 
DMT  Error 

Computer  Error 
Pilotage  Error 


Area 
Va 1 ues 


or 


1 ./S' 

0.2‘ 

1 . t . of  Range 
0.26  mi 
0.60  mi 
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nearly  all  operations  at  airports  for  which  MAS  is  intended  to  be  implemented. 
Performance  should  be  better  with  these  systems  because,  first  of  all,  higher 
quality  sensors  are  used  and,  secondly,  additional  sensor  inputs  are  available 
(Compass/Air  Data  System  and  in  some  cases  redundant  VOR/DME).  In  order  to 
obtain  an  estimate  of  actual  performance  to  be  expected,  the  results  of  recent 
flight  tests  of  various  types  of  RNAV  systems  have  been  analyzed.  The  flight 
test  programs  are  documented  in  Reference  .11.  Of  particular  interest  are  the 
results  for  three  systems,  since  they  span  the  levels  of  capability  to  be 
expected  in  future  terminal  area  operations.  The  first  is  representati ve  of 
the  low  end  of  the  performance  spectrum,  the  single  waypoint,  general  aviation 
RNAV  system  (King  KN-74).  The  last  is  a high  capability  multisensor  (dual 
VOR/DME  plus  Compass/Air  Data)  airline  system  (Collins  ANS-70).  In  the  middle, 
and  perhaps  most  important,  is  the  airline  quality  system  type  which  will  be 
most  prevalent,  the  single  VOR/DME/Compass/Air  Data  system  which  is  representative 
of  the  basic  ARINC  583  Characteristic  (Mark  13  RNAV).  The  specific  system  tested 
was  the  Collins  ANS-70  operating  in  the  single  VOR/DME  mode.  No  inertial 
reference  systems  were  tested.  The  results  of  these  tests  are  presented  in 
Table  C.4.  It  is  apparent  that  even  the  lowest  capability  system  performs  better 


Table  C.4  RNAV  System  flight  Test  Results 


One  Sigma  Va 

ues  --  Terminal  Area 

Operations 

Cross  Track  Error 

Along  Track  Error 

General  Aviation 

0.48  nmi 

0.42 

Corporate/Airi ine 

0.30 

0.26 

Mul ti sensor 

0.15 

0.14 

than  the  basic  requirement  (0.48  nm  cross  track  error  is  less  than  the  pilotage 
error  component  alone  as  stated  in  AC  90-45A,  not  even  considering  the  other 
error  components).  The  other  systems  are  obviously  even  better. 

For  the  study  of  Metering  and  Spacing  with  RNAV,  only  the  cross  track 
component  is  of  direct  interest.  The  along  track  component  does,  however, 
directly  affect  41)  RNAV  performance,  and  so  will  be  discussed  later,  for 
purposes  of  this  MSS  analysis,  the  cross  track  error  value  for  the  basic  air- 
line system  (0.30  nm,  la)  will  be  used  since  that  system  is  representative 
of  the  majority  of  systems  to  be  expected  in  the  near  future.  In  the  analysis 
of  4D  RNAV  MSS  performance,  however,  the  values  for  the  multise  , or  system 
(0.1S  nm  cross  track,  0.14  nm  along  track,  lo)  will  be  used  since  tne  multi- 
sensor system  is  representative  of  the  more  sophisticated  4D  RNAV  system  to 
be  expected  in  the  later  time  periods. 

The  RNAV  Metering  and  Spacing  procedures  analyzed  here  are  the  usage  of 
clearances  to  a waypoint  at  a specified  bearing  inbound.  The  alternative,  the 
use  of  the  "Direct-To"  feature,  was  not.  considered,  not  that  it  is  not  a viable 
candidate,  but  because  the  other  procedure  lessens  controller  workload  since 
the  messages  are  no  longer  as  time  critical;  e.g.  an  MAS  control  command  may 
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he  communicated  many  seconds  ahead  of  the  point  where  the  turn  is  to  start,  and 
therefore  at  the  control ler's  convenience.  Usin<i  standard  radar  vector  techniques, 
or  the  RNAV  "Direct-To"  message,  the  messa<ie  must  he  precisely  timed  in  antici- 
pation of  the  point  where  the  maneuver  is  to  begin,  requiring  greater  controller 
involvement.  Since  the  actual  timing  of  the  turn  initiation  point  is  no  longer 
dependent  on  the  compliance  factor  (4  seconds,  l>>  from  Table  C.2),  but  is  instead 
dependent  on  the  airborne  equipment,  turn  initiation  accuracy  is  controlled  by 
the  system  cross  track  accuracy  (0.3  run , lo). 


effects  of  Arrival  Time  Irrors  on  Controllability 

Under  radar  vector  conditions,  a control  command  is  issued  at  a particular 
point  in  time  in  order  to  eliminate  the  time  control  errors  which  have  built 
up  since  the  last  command,  as  well  as  to  cause  a predetermined  delay  in  the 
arrival  of  the  aircraft  at  the  gate  for  spacing  purposes.  Two  factors  influence 
errors  in  the  resulting  action  by  the  aircraft.:  the  error  of  the  surveillance 
system,  and  the  pilot/controller  time  response  variability  about  a nominal 
response  time  (compliance  error).  As  flight  progresses,  other  errors  accumulate 
due  to  winds,  sensor  errors,  etc.  Lach  of  these  error  sources  is  independent, 
and  so  their  statistics  add  in  a root -sum-square  fashion.  When  the  next 
control  command  is  issued,  the  accumulated  errors  are  compensated.  After  the 
last  command,  no  further  compensation  occurs,  and  so  the  accumulated  error  as 
the  aircraft  crosses  the  qate  is  the  gate  delivery  error,  which  is  related  to 
interarrival  error,  the  quantity  upon  which  airport  arrival  capacity  depends. 
Successful  operation  ot  the  Metering  and  Spacing  function  depends  upon  the 
ability  of  the  system  to  selectively  delay  aircraft  arrival  time  at  the  gate. 
Therefore  a certain  amount  of  delay  flexibility  (called  controllability)  is 
required.  The  raw  controllability  of  a route  coni iguration  may  be  computed  by 
simply  subtracting  the  shortest  path  length  from  the  longest  and  applying 
nominal  speeds.  However,  this  degree  of  control labi 1 i ty  is  not  available  100 
of  the  time  due  to  the  errors  which  accumulate  as  each  flight  progresses,  rot- 
example,  if  an  aircraft  were  assigned  the  maximum  delay  route,  but  due  to  winds, 
etc.  wandered  off  that  route  on  a shorter  route,  the  aircraft  would  be  unavoid- 
ably early.  Wandering  in  the  other  direction,  t.o  achieve  a longer  route,  would 
have  no  effect  on  gate  arrival  time  since  the  MSS  system  would  sense  the  error 
and  be  able  to  shorten  the  route  at  the  next  control  point.  Since  the  time 
control  error  quantities  are  described  in  probabilistic  terms  (9b. 44  con- 
fidence level  — 1 , it  is  also  possible  to  determine  the  degree  of  control- 
lability available  (as  diminished  by  error)  to  the  95.44'  confidence  level. 

Finding  2 controllability  given  determinis!  c t .ntrollabil  ty  and  2o  time 
control  errors  does  not  a ount.  to  simply  subtracting  off  tne  ? error  value. 

This  results  since  the  errors  affect  controllability  on  1 \ tlv  lirn'ts  of 

control  (shortest  and  longest,  routes).  As  stated  above,  the  ability  to  achieve 
maximum  delay,  for  example,  is  affected  only  when  the  errors  shorten  the  path, 
not  when  they  lengthen  it.  Similarly,  the  ability  to  achieve  minimum  delay 
is  affected  when  the  errors  lengthen  the  path  rather  than  when  they  shorten  it. 
Thus,  controllability  is  limited  by  the  errors  only  when  they  occur  in  one 
sense,  and  not.  the  other.  Therefore,  the  amount,  of  error  to  be  subtracted  off 
the  longest  path  length  t.o  achieve  95.44  confidence  in  having  the  availability 
of  at  least  that  path  length  would  not  be  the  2.i  value  but  rather  the  1.69o 
value.  This  value  represents  the  point  on  the  Gaussian  distribution  beyond  which 
4.66  of  occurrences  lie  (hence  100-4.56  95.44  confidence  level).  However, 
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what  we  are  truly  interested  in  is  knowledge  to  a specified  confidence  level 
of  the  difference  in  path  lengths  (controllability),  not  the  length  of  a 
specific  path,  figure  C./  illustrates  a simple  case  for  purposes  of  discussion. 
Neglecting  veloc  i ty  control,  the  limits  of  control  in  this  case  are  paths  PQR 
(shortest)  and  PQ'R  (longest).  Without  errors,  the  control labi 1 i ty  available 
is  the  difference  in  path  lengths,  shown  as  "C"  on  the  Figure.  However, 
random  errors  ej  and  e,,  limit  the  path  lengths  available  to  those  shown  in  the 
example  (dotted  lines).  Given  the  values  that  e]  and  e^  might  adopt  at  any 
given  moment,  the  resulting  controllability  would  be: 


c = C - (et  + e;)  ),  where  C = LPq • R - Lpqr 

The  e]  and  e:>  terms  are  however  independent,  random  variables,  and  so  their 
statistics  add  in  an  RSS  fashion  rather  than  algebraical ly: 

/ ^ 2 2 2 v 

oc  = + o 2 , where  m = E(ej  ') 

Therefore,  the  95.44T,  controllability  is: 

c9b.44  = c ‘ 1-69 
or,  where  ot  - n . 


+ o 


Ogtj  44  - C - 1 .69  V?  o 


Q' 


Figure  c.7  Control  labi  1 i ty  Example 


The  approach  taken  to  assessing  controllability  was  to  examine  the  longest 
and  shortest  paths  independently.  This  was  done  because  the  control  error  terms 
are  highly  sensitive  to  geometry,  and  the  geometry  of  the  longest  and  shortest 
paths  are  far  different.  Also,  the  long  path  can  (and  does  in  this  case)  have 
more  control  points  than  the  short  path,  and  so  controllability  can't  be 
assessed  segment  by  segment,  but  only  as  the  difference  between  the  longest 
and  shortest  paths,  as  degraded  by  delivery  errors.  (In  Figure  C./  each 
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extreme  has  one  control  point,  ()  ami  l)1).  Iherrtore,  while  Mir  value  tor 
the  point  in  question  is  known,  the  > for  the  i orrespons i mj  point  on  the  other 
extreme  may  not  exist,  since  .1  comparable  point  may  not  exist  As  a result, 
the  path  lenqth  / was  taken  to  tie  the  nominal  lonqUi  t degraded  l longest 
made  shorter,  shortest  made  lonqer)  by  one  halt  of  the  total  contribution.  That 
is  to  say  that  / (deqraded  path  lenqth)  heroines: 

*•95.44  ' ^ 1.69  yfi  ' 

as  before, 

if  the  two  values  were  not 

the  same,  then  this  method  is  ; liqhtly  inexact. 


Then’  c95 . 44  = *hong  ' ‘short  C ~ 

if  the  o values  for  both  paths  were  the  same. 


Two  different  types  of  control  points  exist  in  the  control  geometry 
illustrated  in  1 iqure  i. . ’ , whi<  h is  functionally  almost  identical  to  that  111 
Reference  it).  At.  the  first  type  of  control  point,  timing  errors  which  have 
accumulated  along  the  leg  to  the  c > n t > > 1 •mint  are  corrected  by  MSS  through 
adjustment  of  the  location  ot  the  ontroi  p ir.  For  example,  referring  to 
that  figure,  an  aircraft  which  is  travelling  non  Point  A towards  Point  L 
will  have  its  accumulated  errors  vorrected  by  selection  of  the  point  where  the 
turn  towards  P is  initiated.  At  the  second  type  ot  cc  trol  point,  control  is 
not  exercised  through  adjustment  to  the  point  itself,  but  by  path  selection 
adjustment  as  the  aircraft  departs  the  point.  Tin*  example  of  this  type  is 
the  P-arc.  No  control  action  is  taken  until  ttv  aircraft  crosses  the  P-arc, 
at  which  time  a departure  headim;  is  issued  intended  to  compensate  for  the 
delivery  error  to  the  P-arc. 

In  the  t irst  case  above  (active  control  point.),  delivery  errors  are 
assumed  to  be  cancelled  out  bv  the  adjust  .out  to  the  point,  iho  controllabi 1 i ty 
at  the  point  is  first,  tested  to  detennire  who  Uni  enough  is  available  to 
compensate  for  the  error  95.44'  of  the  time,  if  it  could  not,  it  would 
invalidate  the  particular  design  concept  being  analysed.  (The  exception  is  the 
final  approach  segment  to  the  Gate,  Point  G,  where  ttie  available  speed  con- 
trollability is  insufficient  to  compensate  for  accumulated  error,  and  Gate 
Delivery  error  results).  It  the  error  can  be  compensated,  path  length  is 
degraded  accordingly,  and  time  error  for  the  subsequent  leg  is  set  to  zero 
(plus  surveillance  and  compliance  components'1 


In  the  second  case  above  (tixed  control  point),  ,u  cumu iated  error  is 
likewise  compared  to  controllability  over  the  . ediat  ,v  folic**  v leg  (to 
the  95.44  level),  it  it  cannot  bo  compensated,  too  design  wool  again  be 
invalidated.  Since  the  co:  peasat  ion  does  not  . c*  „ 1 a r'te;  •'  point,  is 

passed,  the  inbound  path  length  is  not  deg  rad  1 . -1  t tie  0 1 md  path 

length  is  degraded  for  both  delivery  errors  to  that  point  and  accumulated 
additional  errors  at  the  subsequent  point. 


Gate  Delivery  Error 

Gate  delivery  error  results  from  the  accumulation  < 1 rival  ti  0 errors 

over  the  very  las*  route  segment  , whi*  ti  terminates  at  tin  gate . When  these 
errors  cannot  lie  compensated  through  speed  ontroi,  a not  auto  delivery 
error  results.  Howover,  whatever  speed  control  latm  i 1 1\  the.,  is  may  be  used 
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to  offset  some  of  the  delivery  error.  To  the  first  approximation.  Gate 
delivery  error  (2o)  equals  accumulated  arrival  time  error  less  one-half  of 
the  controllability  (since  speed  would  nominally  be  reduced  at  the  midpoint 
of  the  path,  the  correction  factor  is  one-half  of  the  total  controllability). 

C . 1.5  Control labi 1 i ty  and  Delivery  Frror  Results 

This  section  describes  the  results  of  the  methodology  of  Section  C . 1 . 4 
when  applied  to  study  the  three  cases  of  interest:  M&S  with  radar  vectors, 

M&S  with  RNAV,  and  M&S  with  4D  RNAV.  The  detailed  analyses  are  summarized 
in  Tables  C.5  (radar  vectors),  C.6  (RNAV)  and  C./  (411  RNAV).  Only  one  will 
be  reviewed  here  for  brevity,  and  then  the  summary  results  will  be  presented. 

Ana  lysis 

Table  C.5  contains  the  analyses  of  the  longest  and  shortest  paths  using 
the  basic  radar  vector  M&S  technique.  The  analysis  table  identifies  each 
leg,  states  speed,  heading,  travel  time  and  other  characteristics.  The 
first  column  (from  Points  A to  L)  shows  the  accumulated  along  track  error 
(Item  8)  component  at  L,  which  includes  all  the  components  in  figure  C.4 
plus  compliance  error,  as  affected  by  Item  7,  turn  angle.  I ton  9 shows 
cross  track  error  due  to  Table  C.2  contributors,  and  Item  10  includes  compli- 
ance error.  The  turn  angle  to  the  next  track  (Item  11)  is  used  in  deriving 
total  arrival  control  error  at  Point  L (2o).  The  amount  to  be  corrected  by 
path  length  degradation  (1.69.0  is  then  shown,  followed  by  the  raw  control- 
lability avai  lable at  the  control  point,  which  must  be  greater  than  1.69  a 
to  assure  (95.44  ) that  sufficient  control  exists  for  error  compensation. 

Since  no  correction  requirement  can  carry  over  from  the  last  leg.  Item  lb 
is  zero  and  Item  18,  total  correction,  equals  Item  13.  The  nominal  path 
length  in  Item  6 is  then  reduced  by  \fll2  times  Item  18  to  yield  95.44 
confidence  path  length  (in  seconds).  Delivery  error,  having  been  compensated, 
is  zero. 

The  second  leg  of  the  procedure,  from  point  L to  the  P-arc,  is  similar  to 
the  first  leg  until  Item  11  is  reached.  The  turn  angle  to  the  next  track 
is  zero,  so  cross  track  error  does  not  contribute  to  time  control  error, 
although  it  would  be  corrected  on  the  subsequent  leg.  Since  the  P-arc  is  a 
fixed  control  point,  all  of  the  compensation  would  occur  on  the  subsequent 
leg,  hence  the  entry  in  Item  15.  Also,  Item  18  will  bo  zero,  and  Item  20, 
delivery  error,  contains  the  time  control  error  from  Item  12. 

The  third  leg,  from  the  P-arc  to  Point  P,  will  be  used  to  compensate  for 
both  the  errors  on  the  previous  leg,  plus  the  newly  accumulated  errors.  The 
errors  on  the  third  leg  are  stated  in  Items  12  and  13,  which  is  compared  with 
available  controllability  to  insure  the  correction  can  be  made.  The  error 
from  the  previous  leg  is  entered  in  Item  16,  which  is  also  checked  against 
available  controllability.  The  errors  are  combined  in  Item  18  and  used  to 
adjust  path  length.  Item  19. 
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The  lost  ley,  to  the  Gate  (Point  G),  proceeds  as  before  with  time  control 
error  as  Item  12.  The  controllability  available  from  speed  control  is  not 
sufficient  to  correct  for  the  error  (Item  14),  and  So  a net  delivery  error 
results  in  Item  20.  On  the  bottom  line  the  raw  delivery  error  is  corrected 
for  the  effect  of  speed  control  to  yield  net  gate  delivery  error  (2a).  Total 
path  lenqth  (95.44't  confidence  level)  is  listed  in  Item  19  off  to  the  far 
riyht.  This  entire  process  is  repeated,  as  shown  in  the  second  part  of 
Table  C.5,  for  the  shortest  path  length,  yieldinq  gate  delivery  error  in  that 
case  and  path  length,  from  which  controllability  is  determined  and  listed  on 
the  bottom  line. 

Results 

The  results  of  the  analyses  summarized  in  Tables  C.5  through  C.7  show 
two  definite  RNAV  effects,  both  of  which  result  from  the  same  cause:  that 
KNAV  is  a more  accurate  control  tool  (in  terms  of  deviations  from  intended 
track)  than  radar  vectors  over  all  but  the  shortest  paths.  The  dominant 
radar  vector  aggregate  cross  track  error  term  of  6.63°  (2a)  quickly  exceeds 
the  0.6  mi  (2o)  cross  track  error  term  expected  to  be  typical  of  air  carrier 
type  RNAV  systems,  as  path  length  exceeds  five  miles.  Even  the  errors  measured 
in  flight  tests  of  a low  cost  general  aviation  system  (0.96  mi,  2o)  are  exceeded 
for  path  lengths  greater  than  eight  miles.  The  other  significant  contributor 
to  cross  track  error  affecting  short  path  lengths  is  compliance  error,  which 
is  slightly  greater  in  the  RNAV  case  (0.6  mi,  versus  8 seconds  = 0.4  mi  at 
180  kt  for  radar  vectors).  As  illustrated  in  Figure  C.5  this  error  only 
significantly  impacts  cross  track  error  when  turn  magnitude  is  large.  The 


Table  C.8  M&S  Controllability  (96.44;.  confidence) 


Region 

Radar  Vector  M&S 

M Sc RNAV 

M&S»4D  RNAV 

Downwind/ Base  Leg 
final  Approach  Intercept 

2/0.7  sec- 
27.  7 sec 

293.6  sec 
23.7  sec 

312.2  sec- 
47.  6 sec 

Overa 1 1 

298.4  sec 
(6.0  min) 

317.2  sec 
(5.3  min) 

359.8  sec 
(6.0  min) 

Table  C.9  M&S  Gate  Delivery  Accuracy 


Radar  Vector  M&S 

M&S+RNAV 

M&S+4D  RNAV 

Control  extreme: 

Long 

Short 

Long 

Short 

Long  Short 

Gate  Delivery  trror  (2a) 

10.8  sec 

10.8sec 

10. 9 sec 

12.2  orlO. 8*sec 

7.2sec  7. 4 sec 

Interarrival  Spacing  (1.0 

7.6  sec 

7.6sec 

7 . /sec 

8.6  or  7.6*sec 

6.1  sec  5.2sec 

far  1 ier  Ana  lyses  (la) 

1 1 or  8 

sec 

II  or 

8 sec 

5 sec 

* Smaller  value  presumes  use  of  one  radar  vector  command  for  final  approach 
intercept. 
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two  effects  of  this  RNAV  control  accuracy  are  that  RNAV  significantly  improves 
controllability  over  a given  geometry  while  maintaining  approximately  equivalent 
gate  delivery  accuracy.  These  results  are  shown  in  Tables  C.8  and  C.9. 

Table  C.8  shows  that  RNAV  improves  overall  controllability  by  several 
percent,  from  6.0  to  r> . 3 minutes.  All  of  the  increase  occurs  in  the  downwind 
base  leg  area,-  the  area  of  major  time  control  activity.  The  controllability 
in  the  final  approach  intercept  area,  the  "fine  tuning"  area,  decreases 
slightly.  Table  C.9  shows  the  gate  delivery  error  at  the  extremes  of  control, 
the  longest  and  shortest  paths.  Over  the  longest  path,  RNAV  shows  virtually 
no  effect;  the  2o  error  is  0.1  second  larger  in  the  RNAV  case.  Over  trie 
shortest  path,  gate  delivery  error  increases  somewhat  with  RNAV,  from  10.8  to 
12.2  seconds.  However,  this  increase  only  occurs  when  the  very  shortest  path 
is  used;  all  paths  in  between  the  shortest  and  longest  would  exhibit  gate 
delivery  errors  similar  to  the  longest  path,  10.9  seconds.  Furthermore,  when 
the  shortest  path  must  be  used,  gate  delivery  accuracy  can  be  reduced  to  10.8 
seconds  through  substitution  of  one  radar  vector  command  for  one  RNAV  command 
(final  approach  intercept),  as  shown  in  Table  C.6.  Therefore,  RNAV  procedures 
can  be  implemented  without  any  detectable  effect  on  gate  delivery  accuracy  and 
will  result  in  improved  control labi 1 i ty. 

The  effect  of  4D  RNAV  as  an  M&S  control  tool  is  quite  dramatic.  Not  only 
does  the  usage  of  4D  control,  as  provided  by  an  advanced  RNAV  capability  (0.3  mi, 
2n--  as  proven  during  recent  flight  tests),  provide  even  more  accurate  gate 
delivery  time;  an  added  bonus  is  the  dramatic  increase  in  controllability 
which  also  results,  6.0  minutes  as  opposed  to  6.0  minutes  for  radar  vector 
M8.S.  Significant  increases  occur  in  both  the  downwind/base  leg  area  and  the 
final  approach  intercept  area. 

Note  that  the  40  benefit  may  be  achieved  using  either  DABS  or  ATCRBS  sur- 
veillance, since  even  the  ATCRBS  accuracy  (0.25°)  is  sufficient  to  provide 
adequate  surveillance  for  a 40  M&S  system.  Raw  sensor  accuracy  would  be  better 
than  2 sec.  (lo),  and  the  tracking  algorithm  would  significantly  improve  that. 

The  gate  delivery  accuracies  determined  in  the  present  study  are  put  in 
perspective  relative  to  earlier  analyses  of  M&S  potential  in  Table  C.9.  Refer- 
ence 32  derives  values  for  one  sigma  interarrival  error  of  11  seconds  for  M&S 
and  5 seconds  for  40  time  control.  Reference  30  lists  an  M&S  interarrival 
control  error  of  approximately  8 seconds  as  the  target.  Cockpit  simulator 
studies.  Reference  33,  resulted  in  a 40  RNAV  interarrival  time  control  error  of 
6.4  seconds.  Table  C.9  lists  the  results  of  the  present  analysis  in  terms  of 
one  sigma  interarrival  control  accuracy  (interarrival  accuracy  equals  absolute 
time  control  accuracy  times  .2).  As  the  table  shows,  these  latest  results  are 
consistent  with  the  eight  second  (MSS)  and  five  second  (40)  results  developed 
in  the  earlier  studies. 

C. 1 . 6 Controller  Work  load  Resu 1 ts 

The  Metering  and  Spacing  procedure  usually  involves  the  use  of  five  control 
points  startinq  at  point  A on  Figure  C.2.  A typical  sequence  of  points  is  the 
departure  from  Point  A,  the  turn  towards  point  P,  the  turn  towards  Point  Pi  at 
the  P-arc,  the  final  turn  to  intercept,  the  final  approach  course,  and  the  speed 
reduction  after  final  approach  intercept.  In  the  case  of  basic  radar  vector  MSS, 
the  timing  of  each  of  these  control  messages  is  critical.  The  introduction  of 
RNAV  routes  and  procedures  does  not  reduce  the  number  of  control  points,  since 


the  RNAV  procedures  wort1  specifically  designed  to  be  compatible  with  the  stand- 
ard procedures . Also,  if  the  simple  RNAV  "Direct  To"  conmand  were  used  as  the 
primary  control  conmand  for  MAS  procedures,  these  commands  would  be  just  as  time- 
critical  as  the  radar  vector  commands.  However  by  making  use  of  the  capability 
of  all  RNAV  systems  to  proceed  direct  to  a waypoint  along  a specific  track  bearing, 
the  time-cri t ical i ty  of  the  control  commands  for  all  four  turns  would  be  far  re- 
duced. Ihe  MAS  automation  would  provide  the  track  bearing  information  to  the 
controller  ahead  of  the  turn.  The  controller  could  issue  the  direct  conmand  at 
his  convenience  rather  than  within  a very  few  seconds  of  the  target  turn  point. 
While  the  message  count  remains  the  same,  the  organizational  and  conmuni cat  ions 
burden  on  the  controller  is  considerably  relieved. 

The  same  result  with  regard  to  non-critical  timing  would  be  expected  with 
AD  RNAV.  However,  the  need  for  the  final  MAS  message, the  speed  reduction,  is 
eliminated  since  the  AD  system  takes  care  of  that.  Therefore,  the  message  count 
is  reduced  under  AD  RNAV  conditions.  Countering  the  trend  to  lower  workload 
levels  with  RNAV  is  the  fact  thaf  RNAV  and  AD  messages  contain  more  information: 
RNAV  adds  a waypoint  name,  and  AD  adds  an  arrival  t ime  to  that,  although  aircraft 
speed  is  removed.  The  basic  MAS  message  would  contain  aircraft  identifier, 
heading,  speed  and  altitude.  The  waypoint  name  would  not  be  expected  to  signifi- 
cantly complicate  the  message.  Inclusion  of  arrival  time  (minutes,  seconds)  could 
increase  the  communications  burden  and  the  possibility  for  erroneous  interpreta- 
tion to  a minor  extent,  until  Control  Message  Automation  is  implemented.  How- 
ever, these  factors  would  be  expected  to  be  outweighed  by  the  advanl.e  's  in  terms 
of  time-criticality. 

The  use  of  the  AD  technique  also  reguires  that  the  airborne  syst.  vn- 

chronized  to  the  ground  clock.  However,  this  may  be  done  at  any  tin  mg,  or 
before,  the  flight  (a  highly  accurate  airborne  clotk  is  not  required)  so  work- 
load level  is  not  increased.  Naturally,  if  DABS  is  in  use  the  synchronization 
may  be  accomplished  automatical ly . 

C.1.7  Computer  Requirements  Impact 

A previous  study  of  the  core  requirement  and  execution  time  impacts  of  in- 
tegrating RNAV  procedures  with  Metering  and  Spacing  appears  in  Reference  3A,  and 
is  summarized  in  Reference  8.  The  t ore  regui remen f impact  is  very  small  (A50 
words  added  onto  a nominal  16,000  required  for  MAS),  based  on  analysis  of  MAS 
procedures  similar  to  those  described  herein.  There  was  found  to  be  no  execution 
time  impact..  The  display  data  block  on  the  controller's  scope  must  be  enlarged 
slightly  to  accoiinodate  the  waypoint  name'  (five  characters). 

No  similar  analysis  exists  for  AD  RNAV  core  requirements  and  execution  time 
impact.  However,  since  the  AD  function  is  really  a very  simple  extension  of  the 
RNAV  concept,  and  waypoint  arrival  times  would  be  assigned  within  the  workings 
of  the  basic  MAS  program  even  though  they  are  not  communicated  to  the  controller, 
it  seems  that  the  AD  impact  would  be  limited  to  again  slightly  enlarging  the 
display  data  block  to  accommodate  that  new  data. 
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C.2.1  Introduction 

Control  Message  Automation  (CMA)  is  intended  to  be  a major  ATC  controller 
productivity  enhancer.  The  CMA  system  will  take  advantage  of  the  planned  DABS 
data  link  and  airborne  control  command  display  capability  in  order  to  auto- 
matically communicate  computer-formulated  commands  upon  ATC  controller  approval 
(routine  approval  shall  probably  be  required  as  CMA  is  initiated,  although  it 
may  be  eliminated  for  certain  command  types,  e.g.  Metering  and  Spacing,  as 
time  progresses).  CMA  is  one  of  the  most  important  UG3RD  automation  enhance- 
ments since  it  has  the  potential  for  producing  large  reductions  in  controller 
workload,  therefore  reducing  staffing  costs. 

Control  Message  Automation  will  eventually  be  used  for  several  ATC  purposes: 

• Resolution  of  potential  airspace  conflicts,  based  upon  a conflict 
prediction  or  alerting  capability. 

• Automating  the  routine  control  communications  of  MAS,  and  40  MAS. 

• Provision  of  routine  control  messages  (altitude  changes,  speed 
changes,  clearances,  etc.) 

The  usage  of  SID/STAR  procedures  in  general,  and  RNAV  SID/STAR  procedures 
in  particular,  will  simplify  the  CMA  task,  just  as  they  can  be  used  at  present 
to  simplify  the  radar  controller's  task.  Naturally,  the  CMA  system  can  deliver 
amendments,  in  the  form  of  parallel  offsets,  direct-to-procedures,  deviations 
from  specified  altitude,  etc,  to  the  published  procedure  at  any  time,  where 
such  deviations  are  warranted. 

The  following  sections  will  discuss  further  the  CMA  process,  and  the 
expected  impact  of  RNAV  on  CMA  system  complexity. 

C . 2 . 2 CMA  System  EJ emen t s^ 

A control  message  automation  system  may  be  thought  of  as  consisting  of 
six  elements,  as  follows. 

Automated  Monitoring  --  This  function  includes  aircratt  tracking,  as  done 
presently  in  the  ARTS  and  NAS  automated  systems,  although  the  surveillance 
system  would  be  DABS  rather  than  ATCRBS.  In  addition,  however,  many  CMA 
functions  would  require  association  of  the  tracked  aircraft  with  its  intended 
route  or  path  of  flight,  such  that  track  deviation  and  flight  progress  are 
always  known.  For  example,  the  MAS  function  requires  knowledge  of  the 
aircraft  with  respect  to  the  command  track  and  intended  arrival  point. 

Problem  Recognition,  or  Strategy  Development  --  This  function  is  highly 
dependent  on  the  particular  CMA  function  of  interest.  It  is  the  conflict 
detection  portion  of  a Conflict  Alert  or  Conflict  Prediction  system.  It  is 
the  arrival  time  determination  logic  in  a Metering  and  Spacing  system. 
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Control  Action  Decision  --  It  is  at  this  stage  that  a specific  decision  as  to 
the  type  of  deviation  from  the  present  flight  plan  is  required  to  achieve  a 
specific  objective;  e.g.  heading  change,  altitude  change,  speed  change,  or  a 
combination. 

Message  Formulation  --  At  this  point  a specific  message  is  formulated  for 
delivery  to  the  aircraft.  A voice  message  for  controller  delivery,  or 
DABS  format  message  for  automated  delivery,  or  a combination  of  both  would 
'■esult. 

Transmission  and  Verification  --  At  this  point  the  message  is  forwarded  to 
the  controller's  console  or  to  the  DABS  site  for  transmission  to  the  aircraft. 

A signal  indicating  successful  transmission  would  be  expected  in  return. 

Compliance  Monitoring  --  Subsequent  message  generation  would  then  be  held 
up  until  the  system  determined  whether  or  not  the  aircraft  was,  in  fact, 
complying  with  the  message  transmitted.  If  so,  the  CMA  function  resumes. 

If  not,  a controller  alert  message  would  be  sent  to  the  control  console,  and 

a contingency  control  message  intended  to  compensate  for  the  aircraft 
inaction  would  be  generated  by  the  CMA  function. 

C.2.3  3NAV  Impact  Assessment 

Only  two  of  the  above  six  elements  of  a CMA  system  would  be  affected  to 

any  degree  by  the  presence  of  an  RNAV  flight  plan.  The  "Control  Action 

Decision"  function  is  affected  slightly,  because  RNAV  provides  two  additional 
control  options  (parallel  offset  and  direct-to).  This  may  influence  the 
control  decision  process  for  the  following  reasons.  First,  if  an  aircraft  is 
on  an  RNAV  flight  plan,  it  is  desirable  to  keep  him  on  RNAV  so  that  he  may 
resume  navigation  easily  after  the  situation  has  passed.  Second,  these 
lateral  RNAV  control  instructions  will  be,  in  some  cases,  more  desirable  than 
an  altitude  reclearance  from  t.he  point  of  view  of  the  aircraft,  or  more 
desirable  than  a radar  vector,  which  requires  closer  monitoring  and  usually 
more  control  messages,  from  the  point  of  view  of  the  ATC  system.  The  net 
result  is  that  recognition  of  RNAV  flight  plans  would  influence  the  design  of  the 
logic  of  the  "Control  Action  Decision"  phase.  This  should  not  significantly 
affect  the  computer  resources  required,  however. 

The  other  phase  affected  by  RNAV  is  the  "Message  Formulation"  phase, 
since  the  presence  of  RNAV  capability  requires  that  the  system  be  capable  of 
generating  more  types  of  messages.  To  obtain  a better  idea  of  the  influence 
of  RNAV  on  CMA  requires  a more  detailed  breakdown  of  message  considerations, 
as  follows. 

Message  Types  --  Integration  of  RNAV  adds  two  message  types  for  conflict 
prevention  (offset,  direct-to)  and  one  for  M&S  (direct-to  at  specified  track 
bearing  — see  Section  C . 1 . 2 ) to  the  number  of  messages  for  which  capability 
must  be  provided. 
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Types  of  Computations  --  The  computations  required  to  qenerate  the  RNAV 
messages  are  no  more  complex  than  those  required  for  conventional  control, 
for  example,  a parallel  offset  is  no  more  difficult  to  generate  than  a 
radar  vector  procedure.  RNAV  actually  simplifies  the  consideration  of 
winds  in  the  MAS  system. 

Messages  per  Conflict  Incident  --  A lateral  maneuver  with  RNAV  requires  two 
messages:  a parallel  offset  followed  by  a cancel  offset,  although  they  can 
be  combined  into  one,  such  as  by  specif ing  the  point  (or  elapsed  distance  or 
time)  after  which  the  offset  is  cancelled.  Alternatively,  a radar  vector 
procedure  requires  at  least  two  and  sometimes  three  messages  (depart  track, 
roughly  parallel  track,  return  to  track).  On  the  average,  RNAV  would 
involve  fewer  messages. 

Messages  per  Arrival  for  MSS  --  In  Appendix  C it  is  shown  that  RNAV  requires 
the  same  number  of  messages  as  radar  vector  MSS.  In  addition,  4D  RNAV  MSS 
uses  one  fewer  message. 

Routine  Control  Messages  per  Aircraft  --  RNAV  would  have  a minor  effect  on 
the  number  of  routine  control  messages  delivered.  These  include  control 
messages,  speeds,  attitudes,  altimeter  barometric  settings,  etc.  The  RNAV 
effect  is  a slight,  reduction  to  message  count,  as  demonstrated  in  the  DABS 
channel  capacity  analysis  in  Appendix  A. 

RNAV  SID/STAR  Impact  --  Where  and  when  MAS  is  not  in  use,  the  existence  of 
RNAV  SID/STAR  procedures  will  significantly  reduce  message  counts  in 
comparision  to  automated  radar  vectoring  of  the  aircraft.  Where  amendments 
to  the  SID/STAR  procedure  are  needed,  the  parallel  offset  or  direct-to 
messages  are  very  efficient  means  of  achieving  the  needed  deviations.  Such 
reductions  in  message  counts  were  not  reflected  in  Appendix  A,  since  LAX  is 
presumed  to  be  an  MAS  terminal,  and  so  this  discussion  would  not  apply. 

It  is  quite  apparent  that  the  integration  of  RNAV  will  require  some 
additional  effort  in  the  development  ot  DMA.  Also,  the  resulting  computer 
code  will  be  slightly  longer,  reflecting  the  added  complexity.  However, 
execution  time  requirements  may  actually  he  shorter  due  to  the  reduction  in 
message  counts,  f ach  of  these  effects  are  expected  to  be  minor.  They  appear 
to  bo  oven  more  insignificant  when  viewed  in  the  context  that  the  "Control 
Decision"  and  "Message  Formulation"  sections  of  CMA  constitute  only  a minor 
portion  of  the  overall  CMA  function.  The  majority  of  computer  resources  are 
involved  in  the  various  other  necessary  aspects  of  Control  Message  Automation. 
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C . 3 RNAV  IMPACT  ON  CFN1RAL  TLOW  CONTROl  AUTOMATION  PLANS 

C.3.1  Introduction 

The  Central  Dow  Control  (CTC)  facility  comprises  a major  part  of  the 
(AA  Systems  Command  Center.  Tho  primary  objectives  of  CFC  are  to  prevent 
or  minimize  costly  airborne  delays  which  result  from  periods  where  aircraft 
demand  exceeds  capacity,  and  to  prevent  saturation  of  enroute  airspace  near 
large  terminals  due  to  excess  arrival  aircraft.  Both  excess  demand  and 
insufficient  capacity  can  cause  such  situations.  Insufficient  terminal 
capacity  may  be  either  chronic  (inability  to  service  ordinary  peak  demands) 
or  temporary,  as  caused  by  severe  weather  or  shutdown  of  necessary  navi- 
gational or  ATC  facilities. 

C . 3 . 2 Present  FJow  Control  Procedu res 

The  flow  control  process  consists  principally  of  two  basic  functions. 

The  first  is  the  collection  of  demand  and  capacity  data  and  the  recognition 
and  forecasting  of  excess  delay  situations.  The  second  is  the  coordination 
and  control  function  to  minimize  the  delay  impact  on  operators  and  the  ATC 
system.  Basic  flow  control  procedures  are  defined  in  two  FAA  Orders, 
References  25  and  26.  These  define  the  flow  control  process  and  procedures 
to  be  used.  At  present,  three  basic  flow  control  procedures  are  used  for 
the  minimization  of  arrival/departure  delays  at  major  airports  and  prevention 
of  airspace  saturation. 

Standard  Intercenter  Flow  Control  --  This  is  the  process  by  which  a ARTC 
center  will  recognize  that  the  capacity  of  the  center  to  absorb  delaying 
arrival  aircraft  to  a large  terminal  within  its  jurisdiction  (or  its  capacity 
to  absorb  departing  and  enroute  traffic  within  the  existing  route  structure) 
is  or  will  be  exceeded.  At  that  point,  arrivals  to  the  center  from  adjacent 
centers  would  be  restricted.  This  is  the  standard,  original  flow  control 
procedure.  The  CFC  system  was  established  to  coordinate,  expedite  and 
minimize  the  aircraft  operator  impact  of  these  activities. 

Tuel  Advisory  Departures  --  This  is  the  process  whereby  aircraft  bound  for 
certain  critical  airports  are  given  the  option  of  accepting  some  of  the 
anticipated  delay  on  the  ground  prior  to  departure.  This  ground  delay  is 
then  considered  when  determining  an  aircraft's  position  in  the  landing  queue 
upon  arrival  to  the  terminal,  the  intent  of  the  FAD  procedure  is  to  save 
fuel . 


Quota  Flow  Control  --  Quota  Flow  Control  (Q  Flow)  is  a more  formalized 
version  of  the  standard  flow  control  technique.  The  action  taken  depends 
upon  the  location  of  the  departure  terminal  relative  to  the  Q Flow  terminal, 
and  aircraft  operator  desires.  Upon  saturation  of  the  arrival  center,  arrival 
quotas  will  be  set  for  that  center  and  each  adjacent  center.  Departures 
within  those  specific  centers  bound  for  the  high  delay  terminal  will  ordinarily 
be  assigned  ground  delay,  although  an  operator  may  request  air  delay  if  he  so 
desires.  Long  distance  flights  (originating  beyond  the  adjacent  centers)  are 
delayed  in  the  adjacent  centers  in  order  to  not  overload  airspace.  If,  for 
reasons  such  as  insufficient  fuel,  they  desire  to  land  at  a different  airport, 
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thr  ground  delay  exprr irmod  there  counts  toward  airborne  delay  1 n 
determining  quota  priority,  fuel  Advisory  Departure  procedures  may  be 
used  in  conjunction  with  ()  now. 


Proper  execution  and  timing  of  such  procedures  depends  upon  comprehensive, 
timely  and  accurate  data  collection  and  delay  prediction.  Presently,  such 
procedures  are  automated,  although  the  traffic  demand  data  included  in  the 
system  is  limited  and  not  necessarily  timely,  deference  27  documents  the 
existing  prototype  air  traffic  flow  control  automation  system  (the  Airport 
Information  Retrieval  System  - AIRS).  This  system  is  primarily  oriented 
towards  predicting  terminal  saturation  conditions;  it  does  not  spot  potential 
enroute  congestion  points.  The  major  source  of  data  is  the  Official  Airline 
Guide  data  tape,  which  is  updated  periodically.  General  aviation  aircraft 
operations  are  included  only  as  estimates,  or  historical  percentages;  no 
real  time  flight  plan  data  is  included.  The  Airport  Reservations  Office  (ARO), 
also  located  in  the  Systems  Command  Center,  furnishes  real  time  inputs  con- 
cerning changes  to  schedules  and  other  traffic  for  ARO  Terminals.  Airport 
capacity  data  is  taken  from  local  daily  estimates  and  projections  periodically 
furnished  by  each  terminal  via  teletype.  The  automated  facility  then  estimates 
delays  and  holding  stack  requirements  on  demand,  and  will  determine  Quota  Flow 
quota  data.  It  also  aids  in  accomplishing  Fuel  Advisory  Departures  by  listing 
out  up-to-date  departure  time  estimates,  and  accepts  revised  departure  time 
estimates  in  order  to  provide  revised  delay/holding  stack  results. 

Since  the  existing  AIRS  system  does  not  consider  specific  routings,  there 
is  no  direct  RNAV  impact.  Manual  procedures  are  used  for  assigning  weather 
or  congestion  avoidance  routings,  and  an  RNAV  route  structure  would  provide 
added  rerouting  options.  Also,  RNAV  could  be  used  in  many  cases  to  increase 
the  available  holding  airspace  by  providing  holding  fixes  at  arbitrary  points. 

C.3.3  Future  How  Control  features 

An  automated  flow  control  system  is  planned  (Reference  28)  which  replaces 
the  present  AIRS  system,  and  provides  considerably  improved  data  collection 
and  forecasting  services.  The  system  will  use  the  9020A  computer  located  at 
Jacksonville  ARTCC,  although  the  main  flow  control  staff  will  remain  at  the 
Systems  Command  Center  and  operate  the  system  remotely.  Present  plans  include 
implementation  of  the  system  in  two  phases,  the  Basic  System  and  the  enhance- 
ment Package.  The  end  result  will  be  a system  with  capabilities  including 
direct  links  to  each  of  the  20  ARTCC  computers  in  order  to  provide  real  time 
updates  to  the  OAG  Traffic  data  base.  Features  to  be  provided  will  include 
traffic  load  summaries,  delay  predictions,  demand  predictions,  computer 
generated  flow  control  advisories,  and  message  preparation  and  dissemination 
to  the  ARTCCs.  In  addition,  the  ability  to  provide  traffic  demand  summaries 
at  key  enroute  fixes  shall  be  included.  System  activity  is  to  be  centered 
around  the  arri val/departure  traffic  at  fifteen  "pacing"  airports  which 
generate  the  preponderance  of  traffic  delays.  System  capabilities  will 
include  the  ability  to  automatically  generate  Fuel  Advisory  Departure  detailed 
reports  and  Quota  Flow  reports  and  automatical ly  transmit  that  data  to  the 
affected  centers. 
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C.3.4  RNAV  Impact,  on  I uture  System 

The  future  CFC  system  will  accomplish  much  the  same  tasks  as  the  existing 
system,  except  that  the  process  will  be  more  highly  automated,  and  much 
more  accurate,  because  the  ARTCC  direct  computer  communication  capability  will 
allow  the  flight  plan  data  base  to  be  kept  much  more  current  than  is  presently 
possible,  and  for  several  other  reasons.  The  planned  capability  to  provide 
projected  fix  loading  data  for  various  fixes  in  the  enroute  and  terminal 
environments  is  a new  capability.  On  the  surface,  it  would  appear  that  RNAV 
implementation  would  signi f icantly  impact  the  complexity  of  this  task,  since 
the  RNAV  routes  will  traverse  different  fixes  than  conventional  routes. 

However,  this  is  not  the  case.  The  exact  routing  of  individual  flights  is 
not  examined  by  this  function.  Instead,  an  ascribed  general  routing  is 
established  whereby  if  any  of  a set  of  255  (maximum)  fixes,  which  represent 
segments  of  center  or  terminal  airspace,  are  traversed  by  the  general  or 
typical  route  or  flight,  that  fix  name  would  be  attached  to  that  flight  plan 
record  for  future  reference.  The  fact  that  RNAV  and  conventional  routes 
between  given  city-pairs  will  not  ordinarily  deviate  seriously  from  one 
will  render  the  RNAV  distinction  to  be  of  little  importance  for  these  purposes. 
Therefore,  RNAV  impact  on  CFC  operations  will  be  insignificant  except  that, 
as  stated  before,  RNAV  can  be  used  to  provide  more  holding  airspace  (in 
some  cases),  and  to  provide  more  flexibility  in  assigning  reroutings  for 
weather  or  congestion  avoidance,  which  are  manual  procedures. 
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APPENDIX  D 
MLS  SYSTEM  IMPACT 

D.l  INTRODUCTION 

The  present  Instrument  Landincj  System  (ILS)  was  developed  in  the  1940s 
to  meet  the  then  current  and  projected  operational  requirements.  To  date, 
the  ILS  has  provided  highly  useful  service.  However,  the  technical  and 
operational  limitations  inherent  in  ILS  impose  constraints  which  are  signifi- 
cant in  todays  terminal  area  environment. 

Of  primary  concern  are  the  multipath  effects  characteristic  of  the  VHF/UHF 
bands  of  the  ILS.  These  effects  make  siting  of  ILS  systems  difficult  if  not 
virtually  impossible  at  some  airports  requiring  precision  landing  aids.  The 
multipatn  effects  are  realized  as  reflections  from  local  obstructions,  such 
as  hangars  and  large  aircraft  near  the  runway,  causing  perturbations  of  the 
primary  guidance  signal.  These  perturbations  are  difficult  to  overcome  in 
the  VHF/UHF  band. 

The  primary  means  of  reducing  multipath  effects  involves  proper  siting 
of  the  ILS  antenna.  This  can  be  achieved  through  extensive  site  preparation 
which  could  be  both  difficult  and  costly.  The  multipath/siting  problem  is 
becoming  an  ever  increasing  concern  as  the  number  of  airports  requiring 
precision  landing  aids  increases.  This  concern,  together  with  the  added 
benefits  of  wide  area  coverage  and  reduced  minimums  (especially  in  adverse 
weather  conditions)  has  encouraged  the  development  of  MLS. 

The  increase  in  the  density  of  traffic  in  the  terminal  area  has  emphasized 
the  requirement  for  approach  paths  which  differ  from  the  straight-in  approaches 
characteristic  of  ILS.  This  requirement  stems  from  two  factors:  (1)  the 
need  for  greater  utilization  of  terminal  airspace,  and  (2)  the  desire  for 
reduced  noise  over  populated  areas.  Both  of  these  factors  support  the  con- 
sideration of  both  curved  approach  and  steeper  descent  paths  (typical  of  STOL 
and  VTOL  aircraft).  The  additional  approach  path  requirements  dictate  the 
need  for  a precision  landing  system  providing  volumetric  navigation  support. 

These  landing  aid  requirements  have  led  to  the  Microwave  Landing  System 
(MLS)  developmental  program.  The  following  objectives  were  established  for 
the  MLS  program: 

• Develop  a new  precision  landing  guidance  system  by  1977  which 
will  have  increased  performance  compared  with  today's  UHF/VHF  ILS 
system  and  will  require  less  costly  and  stringent  requirements 
for  site  preparation  and  installation. 

• Develop  a basic  system  with  the  capability  of  increased  per- 
formance through  modular  additions  so  that  the  capability  and 
cost  can  be  tailored  to  satisfy  differing  requirements  of 
various  airports  and  users. 
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• Provide  for  curved,  multiple  approaches  so  that  approach  paths 
can  be  selected  for  minimum  noise  impact  on  the  community 
consistent  with  aircraft  flight  characteristics.  This  improvement 
in  flexibility  of  the  service  relates  directly  to  the  overall  goal 
of  improving  performance. 

• Provide  a single  standard  lor  the  signal- in-space  which  will  satisfy 
the  principal  needs  of  the  civil,  military,  and  international  users. 

Not  only  would  this  eliminate  the  additional  costs  of  several  pro- 
liferating systems,  but  it  would  add  to  the  safety  of  emergency 
operations,  permitting,  for  example,  a precision  approach  of  a 
civil  aircraft  at  a military  installation. 

• Complete  essential  development  at  a sufficiently  early  date  to 
ensure  availability  for  evaluation  by  other  ICAO  members. 

Analysis  and  experimentation  has  shown  that  many  of  the  objectives 
enumerated  above  can  be  achieved  at  microwave  frequencies  where  a narrow 
beam  can  be  generated  with  a relatively  small  antenna.  In  1967,  the  Radio 
Technical  Commission  for  Aeronautics  (RTCA)  formed  a special  committee 
(SC-117)  [42]  to  lay  the  ground  rules  and  guidelines  for  the  coordinated 
development  of  the  MLS. 

Basically,  the  MLS  is  an  air  derived  system  [42],  that  is.  ground  stations 
will  generate  and  transmit  coded  signals  which  will  enable  an  airborne 
receiver/processor  unit  to  derive  its  precise  azimuth  angle,  elevation  angle 
and  range  data.  This  data  will  be  suitable  for  display  to  the  pilot  or 
for  use  by  an  automatic  flight  control  system.  In  addition,  provision  is 
made  for  the  ground- to-a i r transmission  of  auxiliary  data  providing  runway 
identification,  the  condition  of  the  runway,  the  operational  status  of  the 
guidance  system,  and  weather  data. 

An  important  feature  of  the  MLS  design  is  that  of  modularity  whereby 
conf igurations  having  different  levels  of  performance  capabilities  and  costs 
can  be  adapted  to  satisfy  the  diverse  requirements  of  various  users.  Because 
of  this  performance  modularity,  all  airframe  and  ground-based  components  of 
the  system  will  be  fully  compatible  with  each  other.  This  implies  that  in 
any  particular  operational  situation,  the  service  provided  by  any  combination 
of  a ground  facility  and  an  airborne  unit  is  limited  only  by  the  capability 
of  the  less  sophisticated  of  the  two. 

The  coverage  volume  provided  by  the  MLS  is  shown  in  Figure  0.1.  Current 
plans  dictate  that  azimuth  coverage  be  provided  within  a 120°  sector  symmetric 
about  the  extended  runway  centerline.  The  elevation  angle  ranges  from  1.5°  to 
22°  and  the  maximum  DME  range  is  20  nm.  The  maximum  altitude  for  MLS  coverage 
is  expected  to  be  20,000  ft.  This  coverage  is  adequate  to  support  a wide 
variety  of  approach  trajectories. 

MLS  position  coordinates  are  defined  with  respect  to  a runway  centered 
reference  frame  rather  than  the  360"  north-referenced  bearing  system  of 
RNAV.  Slant  range  measurement  is  similar  to  the  slant  range  available  from 
DME.  The  additional  measurement,  elevation  angle,  is  a substitute  for  the 
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altimeter.  However,  unlike  the  barometric  altimeter,  the  MLS-derived  altitude 
is  computed  with  respect  to  the  cjround  independent  of  the  local  barometric 
pressure  setting.  The  overall  similarities  in  the  types  of  measurements 
insures  that  a common  form  is  appropriate  for  the  basic  guidance  computations 
required  of  both  RNAV  and  MIS.  Both  of  the  equation  sets  can  be  defined  in 
terms  of  a waypoint  referenced  system. 

Though  similar  in  form,  RNAV  and  MIS  systems  are  not  similar  in  function. 
MIS  is  primarily  intended  as  a precision  landing  system  to  serve  the  guidance 
requirements  of  a high  density  terminal  area.  RNAV  was  conceived  as  a means  to 
provide  point-to-point  navigation  capabilities.  RNAV  is  intended 
to  serve  the  enroute  navigation  function  and  also  will  be  utilized 
in  the-  terminal  area  to  acquire  the  precision  landing  aid,  or  to  facilitate 
approach  procedures  where?  such  aids  are  unavailable.  Thus,  given  that  each 
system  is  designed  to  serve  different  requirements,  it  should  not  be  surprising 
that  the  error  specifications  for  each  are  widely  different.  Tor  the  high 
precision  requirements  of  the  terminal  area,  MLS  is  expected  to  satisfy  the 
error  budget  shown  in  Table  D.l. 


Configuration 
Operational  Use 


DMI 


B i as 

Random 
Tota  I 


AZ 


Bias 
Random 
Tot. 1 1 


las 

indom 


Table  0.  I 

RTCA  [42]  MIS  Specifications  (la) 


I) 

Cat.  1 


hi  .4  m 
(TOO  ft.) 


01.4  m 


. 12b  degrees 
.065  degrees 
.141  degrees 


.050  degrees 
. 05H  degrees 
.(">77  degrees 


r 

Cat.  II 


30.5  in 
(100  ft.  ) 


30 . !i  m 


.000  degrees 
.033  degrees 
.006  degree's 


.050  degrees 
.035  degrees 
.061  degrees 


K 

Cat.  Ill 


6.1  m 
(20  ft. 


6.1  m 


.036  degrees 
.024  degrees 
.042  degrees 


.050  degrees 
.036  degrees 
.061  degrees 


'■  • negligible  compared  to  bias 


The  accuracy  requirements  for  RNAV  are  shown  in  Table  D.i?.  These  values  are 
indicative  of  the  minimum  acceptable  error  tolerances  tor  an  KNAV  system.  In 
general,  most  KNAV  installations  derive  position  information  with  greater 
precision  than  indicated  by  the  minimum  requirements  of  A(H)0-4!>A  110].  Might 
tests  of  several  representative  KNAV  systems  demonstrated  this  fact.  The 
results  of  these  experiments,  performed  in  support  of  a study  of  flight 
technical  error  (Reference  31),  are  shown  in  figure  D.3.  These  statistics 
were  derived  from  an  ensemble  analysis  of  a series  of  tests  conducted  at 
NAFLC  and  at  the  Miami  and  Denver  terminal  areas  and  thus  this  data  might 
be  more  representative  of  the  errors  incurred  prior  to  MLS  signal  reception. 
The  subject  of  KNAV/Ml S transition  is  a significant  aspect  of  the  MLS  system 
impact  analysis  and  this  consideration  is  the  principal  subject  of  discussion 
in  Section  D .2. 

Although  the  KNAV  and  MLS  computations  display  similar  characteristics 
the  exact  method  of  route  following  may  differ.  RNAV  routes  are  generally 
specified  as  great  circle  segments  between  station-referenced  (range  and 
bearing  relative  to  station)  or  geographic  referenced  (latitude  and  longitude) 
waypoints.  The  precise  nature  of  MLS  route  definition  has  not  been  specified. 
Route  definition  may  consist  of  similar  RNAV  waypoint  specifications  or  as 
curved  arcs  between  waypoints,  furthermore,  the  MIS  measurements  are  runway 
referenced.  Section  0.3  presents  a more  detailed  discussion  of  the  potential 
route  following  differences. 

As  discussed  previously,  a high  degree  of  commonality  exists  between 
the  computational  requirements  of  RNAV  and  MLS.  In  the  interest  of  minimum 
cost  avionics  it  is  highly  desirable  to  combine  .is  much  of  the  onboard  soft- 
ware and  electronics  as  possible.  This  can  be  achieved  through  proper  pre- 
processing of  MLS  and  RNAV  measurements  to  transform  the  measurements  into  a 
common  coordinate  system.  The  subsequent  guidance  computations  can  then  be 
performed  by  a common  set.  of  software  algorithms.  The  computational  compati- 
bility is  discussed  in  detail  in  Section  I). 4. 

In  like  manner  it  is  highly  desirable  to  have  commonality  in  the  displays 
for  RNAV  and  MLS.  Both  of  these  sy terns  essentially  display  course  deviation, 
hence  it  is  feasible  to  have  a common  display  shared  by  both  rather  than 
havinq  redundant  displays.  A brief  discussion  is  also  presented  in  Section 
D.4  regarding  display  requirements. 

A guidance  scheme  with  the  potential  for  handling  air  traffic  in  the 
dense  terminal  area  of  the  future  is  41)  guidance.  The  additional  control 
parameter  is  along  track  or  time  control.  Though  not  necessarily  required, 
this  additional  control  capability  can  provide  the  basis  for  the  application 
of  metering  and  spacing  concepts.  Since  41)  guidance  is  primarily  useful  for 
sequencing  of  aircraft  (especially  in  the  terminal  area)  a potential  Interface 
problem  arises  between  41)  RNAV  and  41)  MIS.  The  fundamental  aspects  of  4D 
guidance  constitute  the  third  subjec  t of  discussion  in  Section  D.4  where  a 
comparison  of  RNAV  and  MIS  4D  guidance  is  presented. 

Although  RNAV  and  Mis  are  intended  to  serve  diverse  functions,  there1  are 
several  areas  in  whic h the  functional  capabilities  of  RNAV  might  be  used  to 
complement  the  operational  characterist ics  of  MLS.  These  areas  are  identified 
and  discussed  further  in  Section  D.!>. 
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AC90-45A  [10]  RNAV  Errors 
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TO  FIND  THE  CROSS  TRACK  AND  ALONG  TRACK 
ERROR  AT  THIS  POINT,  ENTER  TABLF  WITH  TANGENT 
DISTANCE  AND  DISTANCE  ALONG  TRACK  FROM 
TANGENT  POINT,  i.o.,  when  the  distance  to  TP 


S and  the  along 
error  is  1.0  MM 


track  distance  10,  the  X track 
and  the  along  track  error  is  .8  NM. 
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Table  I).  3 Terminal  Area  Flight  Test  Errors  (lo).  Reference  31 


r 


' Sys  tern 

Type 

General  Aviation 
(basic  System) 

— 

Air  Carrier 
(i»/o  + Air  Data) 

Air  Carrier 
(Mul ti sensor) 

Along  Track 
Error  (nm) 

Bias 

.21 

.03 

.04 

Random 

.4  2 

.26 

.14 

Iota  1 

.47 

.26 

.15 

Cross  Track 
Error  (nm) 

Bias 

.19 

.12 

.02 

Random 

.48 

.30 

.15 

Total 

.52 



.32 

.15 



D. 2 RNAV/MLS  TRANSITION  ERRORS 

In  the  RNAV  environment  the  achievable  position  accuracy  due  to  navigation 
errors  is  highly  geometry-dependent.  The  primary  source  of  error  is  the  VOR 
error  which  creates  a range-dependent  position  error.  Hence,  trie  closer  the 
aircraft  is  to  the  gound  facility  the  smaller  the  position  error.  For  most 
primary  airports  a VOR/DME  facility  is  located  in  the  proximity  of  the  runways. 
Depending  on  the  final  approach  geometry  and  MLS  coverage  pattern  this  may  or 
may  not  be  the  most  desirable  location. 
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The  geometry  dependence  is  best  illustrated  by  example  using  the  error 
quantities  of  Table  D.2.  Consider  the  geometry  in  Figure  D.2.  A 90"  turn  to 
final  is  assumed  for  a flight  path  terminating  at  a 10,000  foot  runway.  The 
MLS  transmitter  is  assumed  to  be  located  at  the  end  of  the  runway,  providing 
coverage  within  a sector  60"  either  side  of  the  extended  runway  centerline. 

With  a 7,500  foot  turn  radius  the  final  approach  path  length  is  assumed  to  be 
2.13  nm.  Thus  the  tangent  distance  to  a V0R/DME  facility  located  at  the  end  of 
the  runway  would  be  five  nm  from  the  descent  path  (the  tangent  distance  of  five 

nm  corresponds  to  one  of  the  rows  in  Table  D.2).  Assume  three  potential  V0R/ 

DME  facility  locations:  (1)  directly  opposite  the  intersection  of  the  flight 
path  with  the  MLS  boundary,  (2)  at  the  runway,  and  (3)  six  miles  beyond  the 
runway.  The  along-track  distance  to  the  RNAV/MLS  intersection  (point  A)  is  0 

nm  for  facility  1 , 9 nm  for  facility  2,  and  15  nm  for  facility  3.  Table  D.4 

shows  the  corresponding  cross-track,  along-track  and  vertical  deviation  for  3° 
and  6°  glide  slopes,  respectively,  at  point  A (RNAV  delivery  errors  at  the  MLS 
boundary)  due  to  VOR  and  DME  errors  for  each  of  the  three  facilities.  In  Table 
0.2  the  cross-track  error  values  contain  a 0.5  nm  flight  technical  error. 

Table  D.4  shows  the  cross-track  error  with  and  without  the  flight  technical 
error  component  for  comparison  purposes.  The  vertical  deviation  arises  from 
the  propagation  of  the  along-track  deviation  into  the  vertical  channel  which  is 
characteristic  of  3D  RNAV  systems.  For  comparison,  the  vertical  deviation  is 
presented  for  CT0L  (3°)  and  ST0L  (6")  type  descent  paths. 


Table  D.4 

Position  Errors  Due  to  V0R/DME  Errors  for 
Three  Facility  Locations 


Faci 1 i ty* 

Cross-Track 
(with  FTE ) 
nm 

Cross-Track 
(No  FTE) 
nm 

Along-Track 

nm 

Vert. Dev. 
CT0L  (3") 
Feet 

Vert. Dev. 
ST0L  (6°) 
Feet 

1 

0. 90 

0.75 

0.60 

191 

382 

2 

n . 9P 

0.84 

0.78 

249 

498 

3 

1.20 

1.09 

0.80 

255 

510 

* 


hese  refer  to  facility  locations  illustrated  on  Figure  D.2 


To  establish  <1  basis  for  examining  the  issue  involviny  RNAV/MLS  transition 
maneuvers,  a survey  was  accomplished  to  locate  the  nearest  VORTAC  station 
relative  to  the  23  airports  within  the  20  busiest  terminal  areas  of  the 
continental  United  States,  for  at  least  00  of  these  airports,  a VORTAC  was 
located  within  10  nm  of  the  runway.  Thus,  referring  to  Figure  0.2,  both  the 
cross  track  and  along  track  errors  should  not  exceed  1.0  nm  in  a majority 
of  cases.  Again  it  is  appropriate  to  reiterate  the  fact  that  these  error 
specifications  represent  the  maximum  tolerable  accuracies  for  an  RNAV  system 
and  thus  the  resulting  error  approximations  should  be  regarded  as  conservative 
estimates  of  expected  RNAV  errors  at  the  transition  to  MLS  coverage. 

The  impact  of  an  along  track  deviation  is  only  significant  when  time 
control  is  implemented.  The  resulting  error  could  be  compensated  by  a 
speed  reduction  or  a modification  of  the  path  length.  The  effect  of  a cross 
track  error  is  realized  as  an  immediate  indication  of  a deviation  from  the 
intended  track  to  the  pilot  or  the  lateral  control  system  as  the  aircraft 
transitions  from  the  region  of  RNAV  operation  to  the  MLS  coverage  sector.  At 
least  three  stategies  have  been  suggested  as  appropriate  maneuver  sequences 
to  null  out  this  deviation  (Reference  33).  These  three  involve  the  following 
procedures : 

t Utilize  MLS  guidance  to  effect  immediate  capture  of  nominal  track 

• Utilize  MLS  guidance  to  intercept  nominal  track  at  next  waypoint 

• Utilize  RNAV  guidance  and  maintain  current  track  to  intercept  next 
segment.  Utilize  MLS  guidance  in  executing  the  turn  to  following 
track . 

Of  the  three  suggested  transition  maneuvers,  the  first  procedure  is  probably 
the  most  acceptable  alternative.  The  most  attractive  aspect  of  this  procedure 
is  the  fact  that,  from  the  control  standpoint,  MLS  is  regarded  as  just  another 
navigation  signal  input  in  that  no  special  functional  considerations  are 
accorded  MLS.  The  transition  to  MLS  coverage  is  not  unlike  the  transition 
during  RNAV  operation  from  t.he  coverage  area  of  one  VORTAC  station  to  another. 

A significant  consideration  involving  this  procedure  is  the  limitation  on 
airspace  available  to  execute  the  necessary  correction  strategy.  Another 
consideration  is  the  flight  crew  and  passenger  reaction  to  the  possibly  abrupt 
maneuver  sequence  required  to  null  the  deviations  indicated  by  the  MLS 
navigation  data. 

To  investigate  the  limitation  on  the  airspace  required  to  execute  the 
transition  maneuver,  two  typical  approach  path  scenarios  were  considered. 

The  two  approach  geometries,  shown  in  Figure  D.3,  involve  a 90°  and  a 180° 
turn  to  intercept  the  final  approach  path.  The  turns  shown  are  defined  by 
1 nm  radius  arcs.  For  the  geometry  shown,  a deviation  to  the  left  of  track 
represents  a worst  case  situation  for  the  90"  turn-to-f inal  procedure  since 
the  corrective  maneuver  must  be  accomplished  in  a shorter  distance  than  that 
for  a deviation  to  the  right  of  the  nominal  track.  This  case  was  examined 
further  to  determine  the  geometric  conditions  for  which  the  aircraft  could 
eliminate  the  cross  track  deviation  prior  to  the  turn  to  final  by  executing 
a 30"  track  intercept  stategy.  This  strategy  also  involves  a roll-in  and 
roll-out  maneuver  along  a .85  nm  radius  arc  (a  standard  3°/sec  turn  at  160  kt). 
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Figure  D.3  Track  Geometry  for  RNAV/MLS  Transition 


r 


The  three  parameters  involved  in  this  analysis  are  the  degree  of  MLS  coverage, 
the  length  of  the  final  approach  segment,  and  I fie  KNAV  system  error  observed 
at  the  point  of  MIS  interception.  I fie  goometru.  relationships  are  shown  in 
figure  D.4  where  the  shortest  possible  final  approach  leg  is  plotted  as  a 
function  of  the  cross  track  deviation  for  three'  Mis  coverage  configurations. 

The  minimum  segment  length  is  such  that  the  corrective'  maneuver  could  he 
accomplished  before  the  turn  to  final  is  initiated.  Assuming  that  at  least 
a 3 nm  leg  is  required  to  stabilise  the  aircraft  on  final  approach,  this 
information  indicates  that,  with  a I nm  cross  track  deviation,  sufficient 
airspace  is  available  to  execute  the  transition  sequence  for  both  the  40" 
and  the  60"  coverage  configurations,  for  the  20"  coverage  capability,  at 
least  a 7 nm  final  approach  leg  must  be  provided  to  enable  the  corrective 
maneuver . 

A similar  analysis  was  accomplished  for  the  100"  turn-to-f inal  procedure 
except  that  one  additional  parameter,  the  length  of  the  leg  between  consecutive 
90°  turn s,  was  included  in  the  evaluation.  In  tins  case  the  right  of  track 
deviation  represents  the  worst  case  situation.  The  results  for  this  cave 
are  shown  in  Figure  0.5  where  the  minimum  final  approach  leg  is  displayed  as 
a function  of  the  turn  segment  length  for  selected  discrete  values  of  MLS 
coverage  capability  and  cross  track  deviation  observed  at  the  point  of  MLS 
signal  reception.  This  figure  demonstrates  that  a 2.5  nm  final  approach  leg 
is  sufficient  when  a 60"  coverage'  capability  is  provided  while  for  the  40" 
case  4.5  nm  is  required.  The  results  also  demonstrate  that  a continuous  turn 
is  more  appropriate  than  a segmented  turn  sequence  with  an  intermediate 
straight  line  segment. 

The  question  of  flight  crew  and  passenger  reactions  has  been  tacitly 
considered  in  the  specification  of  the  maneuver  strategy  to  accomplish  the 
reduction  of  error  incurred  at  MLS  interception.  Both  initial  and  final  3°/ sec 
turn  maneuvers  were  factored  in  the  determination  of  the  along  track  distance 
required  to  complete  the  transition  from  KNAV  to  MLS  signal  coverage.  Since 
this  standard  turn  procedure  is  currently  a very  common  practice,  it  is 
unlikely  that  such  a strategy  would  raise  any  serious  objections. 

The  correction  maneuver  suggested  in  this  analysis  was  only  intended  to 
serve  as  a basis  for  the  examin.it ion  of  airspace  utilization  in  the  transition 
from  KNAV  to  MLS.  The  initial  turn  and  30"  intercept  strategy  might  only  be 
appropriate  when  the  indicated  deviation  from  the  nominal  track  exceeds  a 
given  threshold.  When  the  detected  error  is  less  than  the  threshold,  then  a 
bank  angle  command  proportional  to  track  deviation  would  be  a more  appropriate 
strategy.  Further,  since  MIS  is  a more  precise  navigation  data  source, 
relatively  little  damping  of  the  signal  in  the  control  law  would  to  required 
and  thus  a quicker  response  should  be  expected. 

Based  on  the  preceding  analysis,  it  is  apparent  that  the  discontinuity 
in  the  signal  integrity  experienced  at  the  transition  from  RNAV  to  MIS  can 
be  easily  accommodated  with  the  broader  coverage  MLS  configurations.  Assuming 
that  a ) nm  deviation  respresented  a practical  upper  bound  on  the  discontinuity 
experienced  at  the  transition  boundary,  it  was  demonstrated  that,  for  typical 
approach  geometries,  the  necessary  corrective  maneuver  can  be  accomplished 


Minimum  Final  Approach  Leg  (nm) 


within  the  available  airspace.  With  a 60°  MLS  coverage  capability,  a 3 nm 
final  approach  leg  for  either  a 90°  or  180"  turn-to-f inal  approach  profile 
affords  ample  time  to  accomplish  the  required  transition  maneuver  prior  to 
the  turn.  As  the  angular  extent  of  MLS  coverage  decreases,  the  minimum 
distance  final  approach  leg  increases  to  allow  sufficient  space  in  which  to 
accomplish  the  transition  strategy.  With  20°  MLS  coverage,  a close-in  inter- 
ception of  the  MLS  signal  is  practically  impossible  when  a 1 nm  discontinuity 
is  assumed.  In  this  case  it  might  be  well  to  consider  an  alternative  transition 
maneuver  such  as  the  previously  mentioned  strategy  where  the  capture  of  the 
MLS-defined  track  is  achieved  at  the  next  waypoint.  Also,  the  previous 
discussion  relates  to  the  situation  where  it  was  required  that  the  MLS-defined 
track  be  intercepted  in  advance  of  the  turn  to  the  final  approach  leg.  If 
only  the  narrow  beam  MLS  coverage  were  available,  then  it  would  be  appropriate 
to  consider  a transition  strategy  similar  to  the  ILS  capture  procedures  in 
current  practice. 

Unlike  the  lateral  case,  the  consideration  of  appropriate  maneuver 
strategies  to  accomplish  the  vertical  transition  presents  a very  confusing 
dilemma.  There  are  two  principal  causal  factors  contributing  to  this  con- 
fusion. First,  it  is  impractical  to  consider  an  immediate  correction  to 
the  MLS-defined  flight  level  since  a "fly-up"  maneuver  in  response  to  a low 
altitude  indication  would  be  inefficient  in  view  of  the  fact  that  in  level 
flight  the  aircraft  will  eventually  intercept  the  desired  vertical  flight 
path  along  the  nominal  descent  gradient.  The  second  and  perhaps  more  signifi- 
cant issue  involves  the  assumptions  inherent  in  the  association  of  pressure 
with  altitude.  Aircraft  within  the  same  column  of  air  are  all  subject  to 
the  same  error  due  to  a non-standard  temperature  lapse  rate.  Likewise, 
aircraft  at  different  altitudes  above  a given  geographic  area  all  experience 
the  same  variations  in  indicated  altitude  due  to  deviations  of  the  local 
pressure  from  the  broadcast  reference.  Thus  it  is  assumed  that  pressure- 
altitude  is  a valid  indicator  of  the  vertical  separation  between  two  similarly 
equipped  aircraft  since  the  indicated  pressure  differential  between  aircraft 
is  relatively  insensitive  to  local  variations  in  pressure-related  factors. 
However,  the  errors  attributed  to  non-standard  lapse  rates  and  horizontal 
pressure  gradients  strongly  influence  the  interpretation  of  pressure  as 
indicative  of  the  height  above  the  local  terrain.  Similarly,  when  an  aircraft 
sensing  altitude  derived  from  MLS  range  and  elevation  is  introduced,  the 
same  factors  contribute  to  a false  indication  of  vertical  separation  between 
the  MLS-equipped  aircraft  and  the  aircraft  equipped  with  a barometric  altimeter. 
Thus  the  separation  standards  must  be  increased  accordingly  to  accommodate 
the  variety  of  aircraft  altitude  sensors.  The  net  effect  is  best  demonstrated 
with  reference  to  the  respective  error  budgets  shown  in  Table  D.b  for  the  two 
system  environments:  a uniform  environment  of  all  barometric  altimeter 
equipped  aircraft  and  a mixed  environment  with  both  barometric  and  MLS-derived 
altimeter  systems.  The  3o  errors  shown  were  obtained  from  Reference  11 
assuming  an  altitude  of  10,000  ft.  and  an  MLS  range  of  20  nm.  For  the  uniform 
environment  the  errors  attributed  to  lapse  rate  and  pressure  gradient  effects 
do  not  contribute  to  the  minimum  vertical  separation  since,  as  previously 
indicated,  all  aircraft  experience  these  effects  to  the  same  degree.  In  the 
case  of  the  mixed  environment,  these  error  effects  are  significant  and  thus 
influence  the  determination  of  the  minimum  vertical  separation.  The  VNAV 
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Error  Effect 

Uniform  Environment 

Mixed  Environment 

Baro 

Baro 

MLS 

Instrument 

150 

150 

Lapse  Rate 

300 

Pressure  Gradient 

800 

MLS  Elevation 

388 

VNAV 

150 

150 

FTE 

250 

250 

250 

Vertical 

Separation 

956 

1750 

equipment  and  flight  technical  error  values  specified  for  the  barometeric 
altimeter  configuration  are  those  suggested  in  the  RTCA  cormn'ttee  report  on 
the  minimum  operational  requirements  for  VNAV  equipment  (Reference  10).  For 
the  MLS-equipped  aircraft  it  is  assumed  that  the  VNAV  equipment  error  is 
negligible  since  the  implementation  of  MLS  would  require  a digital  capability. 
Thus  the  VNAV  error  primarily  attributed  to  the  coarse  computational  ability 
of  an  analog  system  would  be  diminished.  The  minimum  vertical  separation 
requirements  were  determined  by 

60/ V?  + 300 

where  n is  the  RSS  combination  of  the  errors  assumed  for  two  vertically  adjacent 
aircraft.  As  shown  in  Table  D.5  the  required  separation  increases  dramatically 
when  an  aircraft  sensing  altitude  without  reference  to  barometric  pressure  is 
introduced  in  the  uniform  baro-altimeter  environment  (This  conflict  with  MLS 
is  not  peculiar  to  the  RNAV  environment  but  would  exist  in  any  situation 
where  the  indicated  altitude  is  pressure  derived,  i.e.  the  terminal  area 
where  radar  vectors  and  designated  flight  levels  are  provided). 
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The  increased  separation  requirements  due  to  the  inclusion  of  MLS  in  the 
pressure-altitude  environment  would  discouraqe  the  use  of  an  immediate  transition 
strategy  to  MLS-defined  altitude  at  the  coverage  boundary.  If  the  immediate 
transition  strategy  were  adopted,  then  the  current  separation  requirement  of 
1000  ft.  would  have  to  be  increased  to  2000  ft.  to  accommodate  the  mix  of 
altitude  sensing  instruments.  However,  since  the  lapse  rate  and  pressure 
gradient  errors  are  inversely  proportional  to  sensed  pressure,  it  would  be 
advisable  to  delay  the  transition  to  the  MLS  vertical  reference  until  the 
lower  altitudes  where  the  errors  have  a less  significant  effect  on  the  required 
separation  standards.  This  strategy  should  not  have  a severe  impact  on 
the  objectives  of  terminal  area  control  concepts.  Unlike  the  lateral  case 
whe~e  precise  path  control  is  a requirement  for  effective  metering  and  spacing, 
the  accurate  determination  of  aircraft  height  above  ground  level  is  only  a 
critical  factor  during  the  final  approach  phase.  Outside  the  terminal  area 
vertical  separation  assurance  is  the  dominant  consideration. 

To  demonstrate  the  effect  of  altitude  on  the  minimum  separation  require- 
ments, consider  the  error  budget  shown  in  Table  D.6  in  which  the  errors 
encountered  at  4000  ft.  are  displayed.  In  addition  to  reducing  the  lapse 
rate  and  pressure  gradient  errors,  the  decreased  altitude  also  results  in 
lower  suggested  values  for  the  VNAV  equipment  and  flight  technical  errors 
(Reference  10).  The  resulting  minimum  vertical  separation  indicates  that 


Table  D.6  3o  Error  Budget  (Ft.)  - 4,000  Ft. 


[Error  Effect 

1 

Baro 

MLS 

Instrument 

150 

Lapse  Rate 

120 

Pressure  Gradient 

320 

MLS  Elevation 

223  ! 

VNAV 

100 

, 

I 

FTE 

150 

150 

Vertical 

998 

Separation 
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below  4,000  ft.  (AGL),  the  current  1,000  ft.  standard  would  be  appropriate 
for  the  mixed  altitude  sensor  environment.  Thus,  it  is  reasonable  to 
suggest  that  the  transition  to  MLS  vertical  guidance  be  postponed  until  the 
aircraft  descends  below  this  level  and  that  above  this  level  all  aircraft 
rely  on  barometric  pressure  indications  for  altitude  reference. 

Two  alternative  vertical  transition  strategies  were  considered  as 
appropriate  to  accomplish  this  objective.  The  first  alternative  involves 
a transition  to  the  MLS  vertical  reference  as  the  aircraft  enters  a sector 
about  the  extended  runway  centerline.  This  sector  might  coincide  with  the 
final  approach  maneuvering  area  proposed  as  part  of  the  RNAV  terminal  area 
design  concept.  This  area  is  defined  as  the  sector  22  1/2  degrees  either 
side  of  the  final  approach  course  to  the  runway  in  current  use.  This  45 
degree  sector  extends  15  to  30  nm  from  the  airport  location  while  the 
limit  on  the  vertical  extent  of  this  area  is  established  in  accordance  with 
the  particular  requirements  of  a given  area.  The  identification  of  this 
MLS  transition  zone  with  the  final  approach  maneuvering  area  is  particularly 
convenient  since  the  maneuvering  area  is  intended  to  serve  as  a dedicated 
region  within  which  approaching  aircraft  are  free  to  maneuver  without  fear 
of  any  conflict  with  crossing  traffic.  Thus  any  limitations  imposed  by 
the  increased  separation  standards  in  a mixed  sensor  environment  would  be 
of  no  consequence  since  crossing  routes  are  already  prohibited  by  the 
requirements  of  the  terminal  maneuvering  area.  The  only  provision  required 
to  guarantee  adequate  vertical  separation  would  be  the  establishment  of  a 
suitable  buffer  zone  above  the  terminal  maneuvering  area.  If  the  vertical 
dimension  of  this  area  were  limited  to  4,000  ft.  then  a 1,000  ft.  buffer 
would  be  appropriate.  If  the  vertical  extent  were  greater  than  4,000  ft., 
then  a 2,000  ft.  buffer  zone  would  be  required  since  separation  standards 
are  usually  quantized  in  1,000  ft.  increments.  Another  consideration 
related  to  the  identification  of  the  MLS  vertical  transition  zone  with  the 
final  approach  maneuvering  area  involves  the  availability  of  sufficient 
airspace  in  which  to  accomplish  the  corrective  action  required.  The 
significant  factor  in  this  respect  is  the  expected  error  at  the  transition 
boundary.  Based  on  the  error  statistics  specified  earlier,  upper  bounds 
of  200  ft.  and  300  ft.  were  estimated  for  the  MLS  and  barometric  altimeter 
systems,  respectively.  Thus  a 400  ft.  error  was  considered  representative 
of  the  worst  case  error  to  be  expected  at  the  transition  to  MLS  vertical 
guidance.  Also,  an  extremely  demanding  approach  path  was  formulated  to 
examine  the  vertical  maneuvering  requirements.  The  test  case  shown  in 
Figure  D.6  involves  a 3 nm  final  approach  segment  with  a preceding  180 
degree  turn-to-final  along  a 1 nm  arc  segment.  The  transition  to  the  final 
approach  maneuvering  area  occurs  along  the  turn  segment  2.9  nm  distant 
from  the  final  approach  fix.  Assuming  that  the  aircraft  must  be  stabilized 
on  the  3 degree  final  approach  gradient  requires  that  a 4.5  degree  glide- 
slope  be  maintained  to  remove  a 400  ft.  positive  deviation.  Undoubtedly 
this  corrective  action  would  stimulate  harsh  criticism  from  the  airline 
fraternity;  however,  it  should  be  recognized  that  the  required  maneuver 
is  not  impossible  and  very  likely  less  improbable  than  a 3 nm  final  approach 
segment.  Further,  the  resulting  vertical  flight  path  is  not  unlike  the 
two-segment  noise  abatement  approaches  which  have  been  executed  without  the 
benefit  of  MLS  vertical  guidance.  For  the  negative  altitude  error  at 
transition,  level  flight  along  the  turn  segment  leads  to  the  interception 
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Figure  D.6  Maneuvering  Requirements  tor  Transition  to 
MLS  Vortical  Guidance 


of  the  nominal  glideslope  in  advance  of  the  final  approach  fix.  Thus, 
even  in  the  extreme  case  illustrated,  it  is  not  unreasonable  to  require 
that  the  vertical  transition  maneuver  be  delayed  until  the  final  approach 
maneuvering  area  is  encountered. 

The  alternative  approach  would  be  to  delay  the  transition  to  MLS  vertical 
guidance  until  the  aircraft  descends  below  a specified  level  above  ground 
as  indicated  by  the  MLS-derived  altitude.  The  most  appropriate  threshold 
would  be  4,000  ft.  since,  at  this  level,  the  minimum  required  vertical 
separation  is  less  than  1,000  ft.  Thus  the  transition  procedure  could  be 
implemented  without  affecting  the  current  separation  standards.  The 
question  of  sufficient  airspace  in  which  to  accomplish  the  corrective 
vertical  maneuver  is  not  as  critical  in  this  case  as  it  was  in  the  case  of 
the  sector  defined  transition  zone.  Given  a typical  CT0L  descent  gradient, 
an  aircraft  penetrating  the  4,000  ft.  threshold  would  have  at  least  a 12  nin 
track  segment  remaining  to  be  flown  before  the  aircraft  encounters  the 
runway  threshold.  Assuming  a 6 nm  final  approach  path  along  which  the 
aircraft  must  maintain  a stabilized  configuration,  at  least  6 nm  are  avail- 
able in  which  to  remove  the  vertical  transition  error.  With  a 400  ft. 
vertical  deviation  at  the  4,000  ft.  threshold,  a descent  gradient  of  no 
more  than  4 degrees  (nominal  3 degree  descent  plus  1 degree  correction) 
should  be  requi red  to  remove  the  error  before  the  aircraft  encountered  the 
final  approach  fix. 

Comparing  the  two  alternative  strategies,  it  would  probably  be  more 
advantageous  to  adapt  the  latter  procedure.  The  principal  reason  is  that 
a transition  criteria  based  on  altitude  above  ground  level  could  be 
established  as  a standard  operating  procedure  to  apply  almost  universally 
to  all  terminal  areas.  The  sufficiency  of  the  separation  standards  based 
on  assumed  altimetry  errors  should  not  vary  significantly  between  locations 
since  the  pressure-induced  errors  are  roughly  proportional  to  the  height 
differential  between  the  aircraft  instrument  and  the  local  pressure 
reference  at  the  airport.  As  two  aircraft  with  identical  static  instrument 
errors  descend  to  the  level  of  the  reference  station,  these  pressure  sensitive 
factors  should  converge  to  zero.  Thus  the  4,000  ft.  transition  threshold 
above  ground  level  could  be  adopted  as  a standard  without  modifying  the 
1000  ft.  vertical  separation  criteria  to  reflect  variations  in  the  elevation 
of  individual  airports.  For  the  first  case,  the  definition  of  the  final 
approach  maneuvering  area  is  not  well  established  since  the  vertical  extent 
of  this  region  could  vary  with  the  particular  requirements  of  each  terminal 
area.  Further,  the  second  alternative  is  most  desirable  from  the  standpoint 
of  software  implementation  requirements.  To  cue  the  transition  to  MLS 
vertical  guidance  requires  sensing  only  the  MLS-derived  altitude  above  ground 
level  and  comparing  this  with  the  specified  threshold.  For  the  first 
technique,  a determination  of  both  the  azimuth  and  local  altitude  are  required 
to  detect  entry  into  the  vertical  transition  zone. 
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D.3  ROUTE  FOLLOWING 


Although  RNAV  and  MIS  are  usuiilly  cons idered  mutually  exclusive 
navigation  concepts  appropriate  to  the  enroute  and  terminal  area  phases, 
respectively,  it  should  be  realized  that  RNAV  could  be  applied  to  the 
terminal  area  to  gain  some  of  the  operational  advantages  expected  of  MLS 
either  in  advance  of  MLS  implementation  or  in  lieu  of  MLS  at  airports  where 
MLS  implementation  is  a distant  reality.  These  operational  advantages  include 
reduced  noise  exposure,  increased  runway  utilization  and  improved  obstacle 
avoidance. 

A classical  example  illustrating  the  potential  benefits  of  MLS  guidance 
for  lateral  path  control  involves  the  current  visual  approach  procedure  to 
runway  18  at  Washington  National  (Figure  D.6)  and  the  consideration  of 
MLS  in  extending  this  procedure  to  apply  to  conditions  when  instrument 
flight  rules  prevail.  Primarily  intended  as  an  obstacle  clearance  and 
security  measure,  the  DCA  visual  procedure  also  serves  to  minimize  the  noise 
impact  by  concentrating  the  noise  over  the  Potomac  River.  The  procedure 
is  definitely  a visual  approach,  applicable  whenever  the  ceiling  is  at  least 
3b00  feet  and  visibility  is  at  least  3 miles.  The  approach  is  initiated 
after  direction  is  provided  by  radar  vectors  to  a point  10  nm  northwest  of 
the  terminal  at  an  altitude  of  3,000  ft..,  whereupon  the  aircraft  proceeds 
to  visually  follow  the  river  to  a landing  on  runway  18.  The  nominal  ground 
track  could  be  approximated  as  a sequence  of  straight-1 ine  and  arc  segments 
(Figure  0.7)  so  that,  with  appropriate  modifications,  an  autopilot/guidance 
system  driven  by  MIS-derived  navigation  data  could  execute  the  procedure 
without  reference  to  visually  acquired  ground  features.  The  benefits  derived 
from  the  implementation  of  this  MLS  procedure  relate  to  the  increased 
utilization  under  IFR  conditions  of  this  relatively  noise  insensitive 
procedure,  and  also  to  the  increased  utilization  of  runway  18,  now  critically 
hindered  by  insufficient  landing  aids.  Unfortunately,  due  to  the  unique 
security  restrictions  about  the  Federal  Office  complex,  landing  guidance  can 
only  be  provided  when  the  visibility  and  ceiling  exceed  1 nm  and  720  ft., 
respectively.  Thus,  this  particularly  complex  curved  approach  could  result  in 
a substantial  benefit  to  operations  at  Washington  National. 

Although  an  RNAV  computer  could  be  configured  to  permit  guidance  along 
a curved  approach  path  such  as  the  previously  indicated  DC  River  approach, 
it  is  doubtful  that  when  implemented  the  system  could  provide  the  necessary 
precision  dictated  by  the  requirements  for  that  curved  procedure.  For 
example,  in  the  case  of  the  DCA  River  approach,  the  system  must  demonstrate 
an  accuracy  on  the  order  of  .1  nm  in  accordance  with  the  nominal  Math  of  the 
Potomac  River  corridor,  should  the  aircraft  deviate  significantly  from  the 
course  of  the  river,  then  the  conditions  established  to  minimize  noise 
exposure  are  violated.  Thus  if  there  exists  a requirement  for  such  a complex 
curved  approach  there  must  also  exist  a requirement  for  a precision  landing 
aid  such  as  MLS,  since  the  conditions  dictating  the  need  for  such  precise 
control  over  the  achieved  ground  track  can  only  he  satisfied  with  an 
accurate  navigation  source. 
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One  should  not  infer  from  the  previous  discussion  that  RNAV  is  an 
inappropriate  concept  in  the  context  of  curved  approach  procedures.  There 
are  indeed  severa 1 examples  illustrating  the  potential  for  RNAV  as  an  approach 
aid  to  achieve  the  operational  advantages  commonly  assoc  iated  with  MIS 
implementa tion . As  an  example,  consider  the  current  visual  approach  procedure 
to  runway  13  at  New  York's  Latiuardia  Airport,  lho  procedure  involves  a flight 
path  over  the  Hudson  River  to  intercept  the  ILS  course  b run  from  the  runway 
threshold  (Figure  0.8).  The  procedure  serves  to  concentrate  the  noise  over 
the  riverduring  the  initial  phase  of  the  approach.  Relative  to  the  straight-in 
1LS  approach  to  runway  13,  the  noise  abatement  potential  for  this  visual 
approach  is  significant.  Along  the  ILS  approach  the  aircraft  is  below  2000  ft. 
(the  level  at  which  the  noise  perceived  on  the  ground  becomes  very  significant) 
along  the  last  7 nm  of  the  final  approach,  for  the  visual  (noise  abatement) 
approach  nearly  30‘t  of  these  last  7 miles  would  be  flown  over  water,  therefore 
reducing  the  degree  of  noise  exposure  in  comparison  to  the  straight-in  ILS 
approach.  The  visual  approach  is  very  nearly  optimum  in  terms  of  the  noise 
abatement  potential  on  runway  18.  Ivon  with  the  broad  coverage  capabity  of 
MLS,  any  further  reduction  in  the  noise  exposure  would  not  be  possible  because 
of  Harlem's  proximity  to  the  Latiuardia  Airport 

The  minima  for  this  approach  require  a 120(1  tt.  ceiling  and  a visibility 
of  5 nm.  If  an  RNAV  approach  duplicating  the  ground  track  of  the  visual 
procedure  were  established,  then  the  minima  could  be  reduced  to  those  for 
the  ILS  approach  (200  ft.  and  .b  nm)  and  the  noise  abatement  procedure  would 
thus  apply  under  conditions  when  instrument  t light  rules  prevail.  An  appropriate 
RNAV  approach  procedure,  shown  in  figure  P.d,  involves  3 waypoints  directing 
the  flight  path  of  arriving  aircraft  over  the  Hudson  River  to  the  interception 
of  the  ILS  localizer  and  qlideslope  approximately  b nm  front  the  runway  threshold. 
The  broken  lines  either  side  of  the  nominal  flight  path  indicate  the  approach 
corridor  defined  by  the  maximum  error  statistics  of  AC  90-4bA  (Table  P.2). 

Again  it  should  be  emphasized  that  the  Ai  90-4SA  statistics  represent  an  upper 
bound  on  the  errors  permitted  fo»-  in  acceptable  RNAV  system.  Thus  it  is 
expected  that  most  aircraft  will  maintain  the  nominal  t light  path  with  a 
greater  precision  than  that  indicated  by  the  approach  corridor  bounds.  Most 
commercial  carriers  should  not  be  expected  to  deviate  from  the  nominal  track  by 
more  than  .30  nm  and  thus  should  maintain  a flight  path  within  the  corridor 
above  the  course  of  the  Hudson  River  further,  it  should  be  noted  that  the 
approach  corridor  defining  the  lateral  deviation  from  track  of  the  worst-case 
RNAV  system  avoids  the  structural  obstacles  of  midtown  and  lower  Manhattan, 
particularly  the  World  Trade  Center  at  I ' l‘>  ft  and  the  empire  State'  building 
at  1521  ft.  Thus  the  suggested  RNAV  approach  to  Lb A runway  13  coulu  be  applied 
well  in  advance  of  MLS  implementation  to  realize  the  same  noise  aoatement 
potential  expected  for  MLS. 


The  visual  approach  to  LllA  runway  13  over  the  Hudson  River  represents 
only  one  of  several  current  visual  noise  abatement  procedures  suitable  for 
RNAV  adaptation.  Other  approaches  identified  as  potential  candidates  include: 

• The  visual  approach  to  I ilA  runway  11  over  the  Long  Island 
Expressway  and  f lush in<j  Meadow  Park. 

• The  visual  approach  to  PHI  runway  dR  over  the  Delaware  River 

• The  Canarsie  LOIN  (lead-in  light  system)  approach  to  dl  k 
runway  131 

In  the  latter  case,  the  short,  curved  final  approach  leu  achieved  with  the 
system  of  lead-in  lights  to  intercept  the  US  course  may  not  be  feasible 
with  RNAV,  particularly  since  the  1 1 S course  itself  is  so  short  (2  miles). 

The  noise  abatement  problems  at  many  other  airports  could  be  relieved 
throuyh  the  use  of  RNAV  to  intercept  the  US  course.  The  RNAV  routes  would 
be  designed  to  overfly  the  least  noise-sensitive  area,  with  altitude 
restrictions  set  to  avoid  obstacles,  and  then  intercept  the  US  course. 

D.4  FUNCTIONAL  COMPATIRU ITY 


Too  often  RNAV  and  MLS  are  interpreted  as  independent  and  sometimes 
competing  functional  objectives  within  the  framework  of  the  Upgraded  Third 
Generation  ATC  system  goals.  This  unfortunate  disassociat ion  of  the  two 
programs  is  probably  due  in  part  to  the  fait  that  RNAV  and  VIS  are  identified 
as  separate  program  objectives  of  IKURD.  basically,  RNAV  is  an  operational ly- 
oriented  objective  providing  the  basis  for  a more  flexible  point-to-point 
navigation  capability  than  that  available  with  current  procedures  where 
f light  paths  coincide  with  VOR  radials.  On  the  other  hand,  MIS  is  principally 
a hardware-or ientod  program  providing  the  signal  source  to  enable  guidance 
along  more  flexible  approach  paths  than  the  current  straight-in  approaches 
coincident  with  the  11 s local icer  and  glideslope  beams.  Thus  the  point-to- 
point  navigation  concepts  afforded  by  RNAV  are  essential  to  the  MLS  concept. 

In  fact,  MLS  could  be  considered  as  a sub-category  of  RNAV  in  the  same  sense 
as  RNAV  systems  are  classified  according  to  the  nature  of  the  signal  source, 
l ,e. . VOR/DML.  DML/UMt , inertial,  l ORAN,  OMLGA,  ctv  . in  lignt  of  this  inter- 
pretation it  should  not  be  surprising  that  the  two  subjects  share  common  areas 
of  concern. 


One  common  factor  is  the  subject  of  path  spoc i t icat ion.  RV  routes  are 
defined  in  terms  of  waypoints  and  s; ra ight-1 ino  segments  ^great-c ;rc !e  arcs) 
connecting  points.  Without  guest  on  he  same  gineri  i rotation  would  bo 
appropriate  to  MLb-defined  approach  pains.  However,  fne  degree  of  precision 
and  the  wide-area  coverage  bv  Mis  in  tie  tor  : :ai  aria  has  introduced  the 
additional  requirement  for  a paravtric  desiriot, on  of  curved  approach  paths. 

As  demons tra ted  in  the  iase  o'  the  visual  River  approai  h to  Washington  National, 
flight  paths  combining  both  ..roar  rut  ov  segments  a>v  reasonably  sufficient 
to  approximate  any  curved  approach,  .hus  to  specify  a curved  approach  it  is 
only  necessary  to  expand  the  RNAV  waypoint  concept  to  include  trio  provision  for 


specifying  the  radius  of  the  arc  and  the  direction  of  the  turn.  This  is 
easily  accomplished  by  defining  an  additional  waypoint  indicating  the  center 
of  the  arc  or  alternatively  by  specifying,  through  waypoints,  the  inbound  and 
outbound  tangents  to  the  arc  together  with  the  radius  01  curvature. 

Another  common  factor  involves  the  computational  requirements  shared  by 
both  RNAV  and  MLS.  In  both  concepts  the  control  functions  performed  by  either 
the  autopilot  or  the  flight  crew  require  that  the  computer  output  identical 
guidance  parameters  indicating  the  lateral,  vertical,  and  heading  deviations 
of  the  aircraft  from  the  nominal  path  characteristics.  Thus  the  guidance 
computations  performed  by  the  RNAV  computer  could  also  be  applied  to  derive 
track  deviations  in  support  of  the  MLS  guidance  function.  The  RNAV  guidance 
equations  would  apply  directly  to  the  MLS  situation  provided  the  format  of 
the  MLS  navigation  data  is  in  a compatible  form.  The  tasks  performed  in 
support  of  the  guidance  function  involve  (Figure  D.10):  the  storage  and  retrieval 
of  standard  instrument  arrival  and  departure  routes,  the  sequencing  of  waypoints 
in  accordance  with  the  aircraft's  achieved  progress,  the  reconstruction  of  the 
nominal  flight  profile  from  the  specified  waypoints,  the  computation  of  aircraft 
deviations  from  the  nominal  path  characteristics  and  the  guidance  to  execute 
a turn  in  anticipation  of  a segment  transition,  or  to  achieve  precise  control 
along  an  arc  segment  of  a curved  approach  procedure.  The  data  storage 
capability  provided  with  many  airline-grade  RNAV  systems  is  applicable  to  the 
MLS  subsystem  and  should  be  highliqhted.  The  availability  of  such  a memory 
capacity  would  significantly  simplify  the  design  and  hence  reduce  the  cost 
of  providing  the  MLS  function  by  using  the  RNAV  processor.  For  the  general 
RNAV/MLS  system  shown  in  Figure  D.10,  the  navigation  functions  for  each  must 
necessarily  be  identified  as  separate  subsystems  since,  in  general,  the  RNAV 
processing  requirements  are  dependent  on  the  type  of  system  involved  and  thus 
common  RNAV  and  MLS  computational  components  cannot  be  identified  without 
reference  to  a specfic  RNAV  configuration.  For  example,  when  DME  slant  range 
and  barometric  altitute  are  both  available  and  combined  in  the  RNAV  computer 
to  derive  horizontal  range,  then  the  same  computational  elements  could  be 
shared  with  the  MLS  navigation  subsystem  with  altitude  determined  by  MLS 
range,  elevations,  and  the  reported  elevation  of  the  transmitter  site.  In 
fact  this  approach  might  be  very  desirable  in  view  of  the  previous  comments 
regarding  the  non-simultaneous  transition  to  lateral  and  vertical  MLS  guidance 
to  satisfy  vertical  separation  requirements.  On  the  other  hand,  if  the  RNAV 
system  derived  position  coordinates  from  inertial  measurements,  then  it  is 
doubtful  that  any  commonality  would  exist  between  the  RNAV  and  MLS  navigation 
equations,  since  the  RNAV  subsystem  would  involve  a dynamic  integration  of  the 
aircraft  equations  of  motion  while  the  MLS  subsystem  involves  a static  trans- 
formation of  coordinates.  In  total,  the  dominant  factor  in  the  consideration  of 
RNAV  and  MLS  computational  requirements  is  the  fact  that  a significant  portion 
of  the  computational  burden  can  be  shared  by  both  concepts.  In  fact,  MLS 
could  be  considered  as  a supplemental  sensor  augmenting  the  navigation 
capabilities  of  RNAV  in  the  terminal  approach  pnase.  Thus  the  implementation 
of  RNAV  with  due  consideration  of  MLS  requirements  would  ease  the  transition 
from  the  current  ILS  approach  control  environment  to  the  projected  Microwave 
Landing  System. 
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Fiyure  D.10  RNAV/MLS  Guidance  System  Functions 


Another  related  factor  involves  the  display  of  guidance  parameters  to  the 
pilot  to  enable  manual  flight  path  control  or  to  monitor  the  performance  of 
the  autopilot.  As  previously  indicated,  the  guidance  objectives  for  both  MLS 
and  RNAV  are  identical.  Thus,  with  the  exception  of  the  flare,  touchdown, 
and  roll-out  where  only  MLS  is  applicable,  a common  display  concept  would 
serve  both  objectives.  However,  the  prospect  of  curved  approaches  suggests 
additional  display  requirements.  This  requirement  is  best  illustrated  with 
reference  to  pi  lots' general  adverse  reaction  to  the  possibility  of  curved 
approach  procedures  performed  under  instrument  conditions.  In  general  pilots 
prefer  a stabilized  instrument  approach  from  the  outer  marker  to  the  runway 
threshold.  Along  the  stabilized  approach  the  aircraft  is  aligned  with  the 
localizer  beacon  and  set  up  on  the  proper  glideslope.  This  relatively  simple 
flight  path  minimizes  the  demands  on  the  pilot's  attention  to  the  instruments. 
If  the  current  display  philosophy  were  employed  to  guide  the  pilot  in  main- 
taining a curved  path,  then  constant  attention  would  be  required  to  track  the 
continuously  changing  flight  path,  since  the  cockpit  instrumentation  in  common 
use  reflects  only  the  instantaneous  state  of  the  aircraft.  Under  visual 
conditions  the  reaction  to  curved  approach  paths  is  noticeably  different  since 
visual  curved  approach  procedures  are  in  common  use  to  achieve  low  noise 
approaches  and  to  avoid  obstacles  in  the  vicinity  of  the  airport.  The 
obvious  difference  in  the  reactions  to  curved  paths  is  that,  under  visual 
conditions,  the  features  indicating  the  projected  ground  track  enable  the 
pilot  to  establish  his  maneuver  strategy  in  advance  while,  under  instrument 
conditions,  he  must  respond  to  ar  immediate  indication  of  the  deviation  from 
the  nominal  profile  without  reference  to  the  intended  flight  path  in  advance 
of  the  aircraft.  The  obvious  key  word  in  this  discussion  is  anticipation. 

If  the  display  indicating  guidance  information  would  enable  the  pilot  to 
anticipate  the  control  actions  required  to  maintain  the  desired  flight  path, 
then  the  stigma  associated  with  curved  approaches  might  be  eliminated. 

In  this  context,  the  Course  Deviation  Indicator  (CDI)  type  of  display 
would  be  totally  inadequate,  since  no  predictive  information  or  general 
orientation  is  displayed.  The  flight  director  type  of  display  is  better, 
since  the  flight  director  mechanization  includes  course  angle  data  and  could 
be  configured  to  provide  the  necessary  anticipation.  When  combined  with  an 
orientation  display  it  could  be  suitable  for  both  curved  and  straight  segments, 
either  RNAV  or  MLS.  Electronic  Cockpit  Displays  (Attitude  Indicators  and 
Horizontal  Situation  Indicators)  have  already  been  shown  to  be  particularly 
suitable  for  displaying  the  intended  path  during  manual  and  automatical ly 
controlled  curved  approaches. 

The  last  factor  common  to  both  RNAV  and  MLS  involves  the  control  of  along 
track  position  or  equivalently  the  management  of  time-of-arri val  at  a given 
reference  point.  This  concept  of  time  control,  commonly  referred  to  as  4D 
guidance,  is  primarily  intended  to  serve  the  anticipated  requirement  for  the 
scheduling  of  aircraft  along  the  approach  course  and  thus  achieve  a more 
efficient  traffic  flow  in  the  high  density  terminal  area.  The  latter  control 
concept  involves  two  distinct  operational  functions,  metering  and  spacing. 
Metering  occurs  as  aircraft  enter  the  terminal  area  and  involves  the  orderly 
transition  of  aircraft  into  the  approach  pattern.  Spacing  occurs  in  the 
approach  pattern  and  along  the  approach  course  as  aircraft  are  maneuvered  to 
achieve  an  ordered  sequence  of  arrivals  at  the  final  approach  gate.  Since 
MLS  guidance  is  confined  to  a 120°  sector  about  the  extended  runway  centerline, 


it  is  very  likely  that  the  metering  process  will  no  ur  outside  the  MIS 
coverage  volume.  Therefore,  metering  should  be  regarded  .is  an  RNAV -related 
function.  Thus  the  primary  impact  of  MIS  on  41)  guidance  should  involve 
only  the  spacing  concept.  Recalling  that  MIS  represents  a more  accurate 
source  of  reference  within  the  framework  of  RNAV  operations,  it  is  apparent 
that  the  introduction  of  MLS  should  not  influence  the  basic  design  of  a 
spacing  algorithm  but  only  impact  the  degree  of  precision  with  which  this 
function  can  be  performed.  Thus  MLS  implementation  with  41)  processing 
capability  should  ultimately  result  in  a more  efficient  flow  of  traffic  and 
a higher  runway  acceptance  rate. 

D.5  RNAV/MLS  COMPLEMENTARY  CAPABILITIES 

The  concern  of  this  section  is  the  identification  of  means  whereby  RNAV 
could  supplement  the  basic  MLS  configurations  to  achieve  some  of  the  opera- 
tional advantages  available  with  the  more  complex  configurations.  The 
lowest  category  of  MLS  service  involves  the  implementation  of  only  elevation 
and  azimuth  elements  to  serve  the  requirements  of  small  community  airports. 
Since  no  collocated  DML  is  provided  with  this  lowest  category  MLS,  the  obvious 
application  of  RNAV  to  this  configuration  is  the  addition  of  range  to  touch- 
down information.  A waypoint  located  at  the  airport  would  indicate  this  data 
and  aid  in  the  final  approach  guidance.  Also,  the  lower  capability  MLS 
ground  configurations  (Cat  I and  Cat  I / 1 1 ) may  not  have  a back  azimuth 
element  for  guidance  on  missed  approach.  In  this  respect,  RNAV  could 
supplement  these  configurations  by  providing  the  basis  for  missed  approach 
guidance.  Further,  the  early  introduction  of  RNAV  to  accomplish  this 
objective  would  also  ease  the  later  transition  to  MLS  missed  approach 
guidance  for  those  implementations  including  a back  azimuth  element.  Another 
potential  application  for  RNAV  supplementing  MLS  involves  the  small  angle 
coverage  implementations.  MLS  with  only  a 20°  azimuth  scan  would  not  permit 
many  of  the  curved  approach  paths  possible  with  the  broader  coverage  con- 
figurations. RNAV  system  capabilities  could  thus  be  applied  to  realize  the 
flexibility  of  curved  approach  paths  to  intercept  the  narrow  coverage  MLS 
guidance  for  precise  control  along  the  final  approach  leg. 
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APPENDIX  E 

RNAV  INTERACTION  WITH  WAKE  VORTEX  AVOIDANCE 
E.l  INTRODUCTION 

Aircraft  generating  lift  create  a counter-rotating  cylinder  of  air  behind 
each  wing  termed  wake  vortices.  Wake  vortices  are  invisible  under  normal  con- 
ditions and  contain  energy  that  is  directly  proportional  to  aircraft  weight 
and  inversely  proportional  to  aircraft  speed.  The  higher  energy  vortices 
created  by  heavy  large-bodied  aircraft  can  present  a hazard  to  following  air- 
craft especially  during  landing  and  takeoff.  This  problem  becomes  most  acute 
in  the  terminal  area  where  the  larger  number  of  aircraft  on  the  same  flight 
path  increases  the  probability  of  an  encounter  with  a vortex  and  where  there 
is  little  time  for  aircraft  to  recover  due  to  the  lower  altitudes  involved. 

In  the  absence  of  operational  meap^  po  detect,  track,  and/or  predict 
the  location  and  severity  of  wake  vortices,  the  FAA  has  maintained  safety 
by  increasing  IFR  separation  standards  from  3 nmi , which  was  in  common  use 
prior  to  the  introduction  of  wide-bodied  heavy  aircraft,  to  4,  5 and  as  much 
as  6 nm  (for  a light  aircraft  following  a heavy  aircraft  with  300,000  pounds 
gross  takeoff  weight  or  larger).  This  increase  in  separation  standards  has 
reduced  airport  arrival  and  departure  capacity  and  poses  one  of  the  major 
obstacles  with  respect  to  increasing  capacity  in  congested  areas  and  reducing 
associated  delays.  More  specifically,  the  imposition  of  the  4/5/6  nmi  spacing 
during  IFR  conditions,  and  the  practices  used  by  pilots  during  VFR  conditions 
to  assure  safe  separation,  has  caused  better  than  a 10%  loss  in  runway 
acceptance  rates  under  IFR  conditions  and  a 10%-20%  loss  in  the  VFR  rate. 

This  loss  in  capacity  is  based  on  today's  mix  of  aircraft  and  will  get  worse 
as  the  percentage  of  large  heavy  aircraft  increases. 

Thus,  the  operational  problem  addressed  by  the  Wake  Vortex  Avoidance 
System  Program  (WVAS)  is  the  problem  of  inadequate  airport  capacity  at  major 
hub  airports  caused  by  separation  standards  imposed  to  provide  protection 
against  encounters  with  high  energy  wake  vortices.  The  technical  problem  is 
the  problem  of  learning  more  about  the  characteristics  of  wake  vortices  to 
the  degree  necessary  to  reduce  separation  standards  and  increase  airport 
capacity. 

The  basic  approach  being  taken  in  the  WVAS  program  is  to  gather  data  on 
the  characteristics  of  wake  vortices  and  their  relationship  to  meteorological 
data  while  at  the  same  time  developing  and  testing  various  means  of  detecting 
their  presence  and  location.  In  conjunction  with  those  efforts,  studies  are 
also  underway  to  determine  how  results  from  prediction  and  detection  techniques 
can  best  be  combined  to  provide  an  operational ly  useful  system.  Thus,  the 
program  is,  for  the  most  part,  still  in  the  exploratory  development  phase 
although  some  efforts  currently  underway,  such  as  studies  to  establish 
functional  requirements  and  system  specifications,  could  be  considered  as 
being  in  the  early  phases  of  advanced  development. 

E.2  POTENTIAL  RNAV  INTERACTIONS 

The  WVAS  is  clearly  a terminal  area  system^ primari ly  in  the  vicinity  of 
the  runway.  Since  the  WVAS  is  essentially  a means  of  detecting  wake  vortices 
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and  alerting  controllers  to  the  required  separation,  its  implementation  does 
not  have  an  impact  on  RNAV. 

There  is,  however,  a subtle  RNAV  impact  on  the  WVAS.  This  impact  is  not 
adverse  in  that  some  of  the  RNAV  characteristics  can  be  beneficially  applied 
to  aiding  the  avoidance  of  wake  vortices.  These  RNAV  characteristics  include 
parallel  offsets,  delay  fans  and  trombones.  Implementation  of  these  particular 
RNAV-related  maneuvers,  in  the  terminal  area  where  wake  vortices  are  a problem, 
provides  the  capability  to  circumvent  any  potentially  threatening  trailing 
vortices  shed  by  preceding  aircraft. 

Consider  for  example  Figure  E.l  where,  because  of  a persistent  wake  vortex 
detected  by  the  WVAS,  the  aircraft  separation  must  be  increased  from  s-j  to  S2- 
The  trailing  aircraft  can  use  either  a delay  fan  or  trombone  as  shown  in  the 
figure.  The  problem  with  the  trombone  procedure  is  that  the  trailing  aircraft's 
path  would  tend  to  be  downwind  from  the  vortex-generating  aircraft.  Because 
of  drift,  due  to  the  wind,  the  vortex  may  move  into  the  path  of  the  trailing 
aircraft.  The  delay  fan,  on  the  other  hand,  will  not  only  provide  increased 
separation  between  the  aircraft  but  also  move  the  trailing  aircraft  out  of  the 
path  of  trailing  vortices  (with  the  exception,  of  course,  of  an  adverse  cross- 
wind  causing  the  vortices  to  drift  into  its  path).  The  delay  fan  departure 
angles  for  increased  separations  of  1 , 2 or  3 nmi  are  shown  as  a function  of 
distance-to-go  to  the  turn  to  baseleg  in  Figure  E.?.  With  a reasonable 
warning  time  (distance-to-go  greater  than  5 nmi,  for  example)  the  departure 
angle  is  not  significantly  severe  (less  than  15°).  Conversely,  if  a standard 
fan  departure  angle  (such  as  45°)  were  to  be  utilized,  the  distance  prior  to 
the  turn  to  baseleg  where  the  fan  would  be  initiated  coulJ  be  modified  to 
accommodate  varying  required  delays.  In  either  case  it  would  appear  that 
delay  fans  would  be  a viable  means  of  providing  adequate  aircraft  separation 
for  wake  vortex  avoidance.  Naturally,  any  such  maneuvers  (whether  RNAV  or 
radar  vector)  resulting  from  an  unanticipated  wake  vortex  problem  would  upset 
the  Metering  and  Spacing  function. 

For  straight-in  arrivals  a parallel  offset  could  be  used  to  avoid  a wake 
vortex  threat.  Figure  E.3  shows  this  RNAV  technique  as  applied  to  straight-in 
wake  vortex  avoidance.  For  effective  vortex  avoidance  the  offset  must  be 
specified  on  the  upwind  side.  The  parallel  offset  not  only  removes  the 
trailing  aircraft  from  the  path  of  the  vortex  but  also  provides  a delay  which 
increases  aircraft  separation. 


cd 

C7> 

e 

(O 

CD 

i- 

3 


03 

Ql 

CD 

TD 

C 

fO 


T3 


CD 

-o 


CVJ 

to 


to 

<1 


c 

o 

+-> 

03 

i- 

03 

Q_ 

CD 

CO 

*0 

CD 

S- 

•r~ 

l/> 

CD 

“O 


O 

4->  V- 

CD 
cn  > 
CD  3 
r—  CD 
CD  C 
to  rtJ 
03  E 
-Q 

C C 

O O 03 


03 

CL 

CD 

to 


c 

CD 

s- 

S- 


0 

CD 

1 

0 

4-> 

1 

CD 

U 


tO  * 
•r— 

■o  ■ 


03 


CD 

"O 


CD 

c 

o 

JD 

E 

o 


c 

03 


>> 

03 


CD 

O 


L 

/ 

/ 


n 


/ 


O'-  4-> 
c 4- 

-r-  03 

•—  S- 

•r-  O 

03  S- 


E-3 


Figure  E.l  Delay  Fan  and  Trombone  RNAV  Maneuvers  to  Increase  Separation  for 
Wake  Vortex  Avoidance 


AIRLINE  DETAILED  COST  AND  BENEFIT  TABLES 
(Domestic  Operations) 
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Table  F.2  1976  Present  Value  Airline  Terminal  Benefits  by  Terminal  Area  (pounds .minutes) 


Table  F.3  Airline  Annual  Terminal  Area  RNAV  Benefits  (pounds,  minutes) 
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able  F.4  Airline  Annual  Terminal  Area  RNAV  Dollar  Benefits  — Low  Cost  Assumption 


- i £.  a 


F-8 


' A — O — K 1 f ^ N J ^ A 1 

r — r-  r*  — r-  O !>,»•>  \J  — -?  > »)*»  *3 

►*  •>  <J  V ■»'  t O — O— >C— ^OT'C  JA 

■*  <r  i*-  r>  4 *\  «i  fi  — j i \ u i*  «v  4 * 

ci  (*  & * 

l y*  4'  4'  -C  C 4>  »'  J>  ^-n  r\j  -.  O * X»  r-  ,© 

— ^Ttftfrt  f » i t f ^ 


o r-  r — vi^4'r  #■  r *a  *-  \i  r>  — n 

!■'>(«*'%  t 4 ' N » O \(  n 

r \j  n ji  a t'  ^ c j v<  r^J*  — 

■©-••©OOP*  \l  f ^ 4)  J1  O - 1 

C c ~ j«rt\i,in-ro-4 

— v o ^ n « \ -.  -.  ^ x 

— f\ii-Arnmo'no  rn  n Aj  Aj  \j 


r> 

o 


v 


U Aj  'VJ  o * 

-.-An/*  f *A  Aj  3 

c <A  -a 

— r»  03  .rA  — • © iP  \J 

-/  .o  *»  -a  f o o 
J *»  © © » oo 
-"’i/'i/'J'J'OO 


•*  C?  -C  ./A  "A  /*>  /®A 

*a  n o o j - >j 
or-  r — *o  — 
.A  ^ O A V C 
-I  4'  ^ ^ JA  \ 

^ 13  IA.  4>  J'  JA 

jA  JA  IP  JA  JA  »/A  JA 


r^l  (\J  ■£> 
-<  t r 
<^  <*>  t 
■t  O «© 
O U JA 

r*  -r  ^ 

JA  JA  JA 


43  o oi)\-A'js*ioj'\)>i'Ai\J-orr 
r *—  •,\j,*AAio»''  \ 

r*  ■» 

*■  A.  \i  CAN  vx?t»  " f O"*  JA  J <\i«o 

r o t'-  f»  f*/»-\jr/Ai'3\3or 

f — f — — — \J  !\l  « « -a  \ - O * .*  ?*  J*  C © 

c — -<"/j'./'/i/'i/AxjAi/nrjj  / 

i .\i 


Aj 


O ■ (A  P O A'  — •»  4'  T 4' 

.'•  *A  *'  \j  -.  O \j  JA  J 

\ . - a > r a * 

4.  O A>  v»  J*  l OiTN 

» r»  ^ .->  J'  J>  ..  T 

— s s u rr  s t 


jAVi^*--  — f»  .3  \,  ^. 

t.  '4  •'A  r>  — r 

* — f>  1 ■ i-»  o V 4/ 

j~  Aj  1 t o • — '*»  ■•a 

.1  J " • ' <~>  >V  \i  — — 


-oai  r 
<\  A — •* 
C C C S 


vP  — — 

u'  r-  © 
A 4" 
1 v ja  r> 
f T f 


\4  c r\  t 

^ — f r 

\>  - A A 
3 4.1  ,r 

>a  r o *a 
— — Aj  \J 


» - r aj 

v ^ » o 
— f-  <•»  o 
"■  «*  C-  r* 
P ' -A  V 
Vi  VI  *A  «A 


r 

O O V*A  T. 

* AV  - 

■•*  c.'  C <-> 

sP  s «-  o 
r s t O 


\ ♦ *' 
\ ^ r 

r 1 *- 


,A  O V.  T / \j  * 4'  I A ',  0A  ^ -A  r-  _ 

" a>  \i  j-  *-  o *"■  - , j r 11  \ »•  — •» 

^ *-  r C U ► .*•  4.'  -f  — »*  4 -»  K C*  \i  pa 

\j  ■-  r ' t » f — t — r " — t 

vP  c c *■  i‘  r *»  ■»■  *-  4'  — s * t x 

J C (V  -f  4 I - . * A.  .•  t A , K 

— — — — - V A.  X\,*'-A  - -J  J J -3 


A " v A A A - 4 . \ a.  1 .*•  t t J 

. _,-»■  C 1*;  .,a  j - ,•  _ - a S 4 **-.■*  — 

.a  — 4A  -A  f A.  — — M •»  *»  * ■>  *a  4'  .1 

f — — » ■*»  P - — % — — j 4 V — 


A,  V A A * a .« 


3>  V. 

f t 


* JA  JA  JA  S 


— T - V J ^ f\.  A * V V ^ j'  " . -4  . P 

f —4  V \ V AA  - - * » • ‘ V ' v V V 

•'•'  lD  -4-*'4  -4'4  4sr*n*-  — t i \ + 3 t 

a r ^ » « .»  .a  u-  > r **  . 1 * v 

-•  -.1AjA\\«"i"^  M 4 U V J’  jA  *ni 


A p t JA  N r > A — Aj  *A  / A . ^ 4'  A 

1 r c v x < a 1 r * > v*  * .*  - ' 

r .+  t>  *•  * r ^ •»  - %»**.*■  - - - 


F-10 


* 

I 

r 


I 

f 

1 


1 


Table  F.ll  Airline  Annual  VNAV 


